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ABSTRACT
The City of Las Vegas Water Pollution Control Facility 
treats about 45 million gallons of municipal wastewater per 
day. Since effluent flow measurement commenced in 1991, 
measured outflow of water from the facility has often 
exceeded measured inflow, a physical impossibility. The 
discharged flow to Las Vegas Wash is reported to the State 
of Nevada Colorado River Commission, which controls the 
allocation of the river water. For this reason, accurate 
measurements of flow volumes are essential to earn return 
flow credits from Lake Mead.
After reviewing existing plant flow data, nine 
experiments were conducted at the plant to determine which 
flow measurement devices might be suspected of not measuring 
flow correctly. Evaluations were made of influent flow 
accuracy at each of the four existing Parshall flumes. 
Tests were performed at effluent propeller meters to 
determine their accuracy. Hydraulic improvements are 
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Importance of Flow Measurement
Accurate measurement and adequate control of water flow 
is very important in daily usage. Water should be delivered 
in the specified quantity and appropriate quality at the 
specified time and location for development of land 
resources within an area. Successful water management 
requires that daily water use be known and compared to 
inflow reserves and demands in order to meet legal 
obligations concerning water appropriations, to conserve 
water, to insure an equitable distribution of water to those 
served, and to establish and maintain a cordial relationship 
among owners, operators, and users.
In the United States, water is usually distributed on 
the basis of rate of flow, also known as discharge, and is 
defined as the volume of water that passes a particular 
reference section in a unit of time.1
1 ASCE. Operation and Maintenance of Irrigation and 
Drainage Systems. New York: Manuals and Reports on 





A flowmeter is a device for measuring the quantity or 
rate of flow of a moving fluid in an open or closed conduit. 
It usually consists of both primary and a secondary device. 
A primary device generates a signal responding to the flow 
from which the flow rate may be inferred. A secondary 
device receives a signal from the primary device and 
displays, records, and/or transmits it as a measure of the
flow rate or quantity. In most of the cases, the primary
device is wetted by the fluid and the secondary device is 
outside the process.
Fluid-Related Terms 
The terms flow rate, volume flow rate, and mass flow 
rate will be often used when speaking about flow and 
flowmeters.
Flow rate is most commonly used when referring to the 
actual velocity of the fluid medium, while the expression 
volume flow rate uses the area of a full closed-conduit 
along with the average velocity, to arrive at the total 
quantity of flow. Mass flow rate is the actual mass of 
material delivered per unit of time.
2 American National Standards Institute. Glossary of 
Terms Used in the Measurement of Fluid Flow in Pipes. 
ANSI/ASME MFC-1M. 1979.
When dealing with flow equations, the absolute pressure 
will be used in the calculations.
The parameter used to define the regions within the 
operating flow rate of a meter is the Reynolds number. The 
Reynolds number is the ratio of the inertia and viscous 
forces in a fluid; it is also used to describe the condition 
of the flow: laminar, transitional or turbulent. In
addition to these three flow regions, we see in practice 
three dynamic flow types: steady flow, unsteady flow, and 
pulsating flow.3
Flowmeter Performance Factors
Measures of flowmeter element performance represent the 
difference between how an ideal flowmeter would perform and 
how the real flowmeter actually performs. When specifying 
flowmeter performance, the term accuracy is the most 
important. Accuracy is the measure of freedom from error 
and; the degree of conformity of the indicated value to the 
true value of the measured quantity. The most common 
measures of performance are percentage of rate, percentage 
of full scale, and percentage of meter capacity. A 
specification expressed as a percentage of rate is defined 
such that the error is equal to the percentage times the 
actual flow and is, hence, a relative error.
Percentage of full scale (FS) means that the error
3 DeCarlo, Joseph P. Fundamentals of Flow Measurement. 
NC: Instrument Society of America. 1984. p. 29-34.
associated with that measurement is equal to that percentage 
times the full scale flow and is, therefore, an absolute 
error. The absolute error associated with a percentage of 
rate specification will decrease as flow increases, while 
that of a full scale specification will be constant for all 
applicable flows. As a result, as flow is decreased, the 
percentage error of flow rate of a percent of full scale 
specification increases.*1
A statement of accuracy may be expressed in terms of 
uncertainty and confidence level. Uncertainty is the 
interval within which the true value of a measured quantity 
is expected to lie. The confidence level indicates the 
probability that the interval quoted will include the true 
value of the quantity measured. Basically, the uncertainty 
interval consists of the systematic error and the random 
error. A systematic error cannot be reduced by increasing 
the number of measurements if the equipment and conditions 
remain unchanged. A random error (repeatability or 
precision) is caused by numerous, small, independent 
influences which prevent a measurement from delivering the 
same reading when supplied with the same input value of the 
quantity being measured. Spurious errors are caused by 
instrument malfunction or human fumbles.
4 Spitzer, David W. Industrial Flow Measurement. NC: 
Instrument Society of America. 1984. p. 37.
Flowmeter Calibration 
In flowmeter calibration, performance adjustments to a 
flowmeter are performed so that it measures flow within 
predetermined accuracy constraints. Ideally, this
calibration is conducted under operating conditions. In 
reality, it is extremely expensive to build flow facilities 
for each application. Depending upon design, flowmeter 
calibration is achieved by using a flow laboratory or a flow 
calibration facility, where physical dimensions will be 
verified in accordance to empirical correlations, or through 
simulation of flow by electronic means. Flow calibration is 
generally done to certify meter accuracy by measurement of 
the flowmeter output under flow conditions that are 
hydraulically similar to the actual installation. To obtain 
accurate measurement of flow, other measured parameters such 
as temperature, pressure, and viscosity are necessary. It 
is important that laboratory bias errors, procedures, and 
statistical documentation be scrupulously maintained. 
Liquid calibration can accurately measure flows that operate 
at Reynolds numbers of up to 106. At high Reynolds numbers, 
flowmeter performance is a function of the Reynolds number, 
and can be determined only theoretically. At low Reynolds 
numbers, some liquids may not be necessarily Newtonian, and 
therefore, simulations are difficult to create.5
5 Spitzer, David W. Industrial Flow Measurement. NC: 
The instrument Society of America. 1984. p. 57.
6
Two calibration standards are generally used for liquid 
meter calibrations, weighing (mass) and volumetric methods. 
The weighing method is standardized in ANSI/ASME MFC-9M 
(1988) and in ISO 4185 (1985) . The volumetric method is
standardized in ISO DIS 8316 (1987) .6
The weighing method is suitable only for liquids where 
the flow is directed either intermittently (static weight) 
or continuously (dynamic weight) onto the scale of a 
weighing machine. In the volumetric method, the flow is 
directed into or out of a calibrated volumetric tank during 
a known period of time.
Flowmeter Classification
"In the most simplistic terms, all flow-measurement 
instruments fall into two categories which are, in reality, 
'approaches' to flow measurement. These categories are: the 
extractive energy approach and the additive energy 
approach. "7
Extractive Energy Category
The extractive energy approach involves the placement 
of a device in the flowing stream of fluid that either 
changes some of the potential energy into kinetic energy, or
6 Miller, Richard W. Flow Measurement Engineering 
Handbook. NY: McGraw-Hill Publishing Company. 1989. p. 3- 
43 and 3-44.
7 DeCarlo, Joseph P. Fundamentals of Flow Measurement. 
NC: Instrument Society of America. 1984. p. 9.
7
"extracts" a certain amount of kinetic energy in the form of 
work done by the fluid on an object placed in the stream. 
There are two classes of flowmeters under this category: the 
head-class or differential -pressure producing-class, and the 
pulse-producing-class, the head-class being the oldest one.
There are many types of flowmeters in the head-class, 
the most conventional being the orifice, the nozzle, and 
venturi tube. The word conventional is used to distinguish 
these three most commonly used flowmeters from a group-type 
called special. The special group includes devices such as 
the target meter, elbow meter, area meters, pitot probes, 
and linear-resistance meters. The last type of head-class 
flowmeter is called the open-channel type and includes 
devices such as weirs and flumes.8
The pulse-producing class flowmeters includes three 
basic types: positive-displacement type, such as the
nutating disk and the oval gear; current type, such as 
turbines, propellers, and cup anemometer; and fluid-dynamic 
type including the vortex and the fluidic oscillator.
Additive Energy Category
In this approach, some outside source of energy is 
introduced to the flowing fluid. The effect of the source 
and the flowing fluid on each other is monitored. Three 
flowmeter classes are known under this category: the
8 DeCarlo, Joseph P. Fundamentals of Flow Measurement. 
NC: Instrument Society of America. 1984. p. 12-13.
magnetic class, the sonic class, and the thermal class. All 
of them rely on electrical power.
In the magnetic class, there are two types of 
flowmeters, the alternating current (AC) type and the direct 
current (DC) type. In the sonic class of flowmeters two 
types are known: the time-of-flight (TOF) , and the Doppler. 
Two types of devices are known under the thermal class: the 
thermo-anemometer and the calorimetric flowmeter.
Factors Affecting Flow Measurement
Some of the factors contributing to inaccurate flow 
measurements are deficient approaching flow, inadequate exit 
flow conditions, poorly constructed devices, and poor 
measuring techniques. More detailed information about these 
factors will be discussed further.
CHAPTER 2
MAIN FLOW MEASUREMENT DEVICES AT THE CITY OF LAS VEGAS 
WATER POLLUTION CONTROL FACILITY9
Parshall Flumes
General Description and Nomenclature 
The Parshall flume belongs to the family of venturi 
flumes used in open-channel installation and is named after 
its principal developer, Mr. Ralph. L. Parshall (December, 
1929) . The Parshall flume has a specially shaped open 
channel flow section and was developed for use in stream, 
canal, or ditch to measure the flow rate of water. The 
flume has several advantages in operation: it discharges
large amounts of water with relatively small head loss; it 
makes good measurements with or without considerable 
submergence downstream; it is relatively insensitive to 
approach velocity; and its high flow velocity avoids 
sediment deposits within the structure. The nomenclature 
for the Parshall flume is illustrated in Fig. 1 and is 
defined below:
9 For purposes of brevity, "WPCF" will be used for 
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Figure 1. Parshall Flume.
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Converging inlet section: the upstream entrance
consists of a level floor with walls which converge in the 
direction of the flow. This portion of the flume 
accelerates the entering flow and eliminates the deposition 
of sediment.
Throat section: it constitutes the middle portion of
the flume and produces a differential head that can be 
related to discharge. The floor descends in the direction 
of the flow, and the walls are vertical and parallel.
Diverging outlet section: the exit section downstream 
of the throat has a floor that rises. The walls diverge 
further in the flow direction.
Flume crest: it is the edge of the floor at the
junction of the converging section and the throat section. 
The crest gives the flume its ability to resist relatively 
high degrees of submergence without affecting the flow rate.
Discharge of Parshall flumes can occur for two flow 
conditions, free flow and submerged flow.
Free flow: it occurs when there is insufficient
backwater depth to reduce the discharge rate. Only the 
depth of flow at location Ha (Figure 1) need be measured to 
determine the flow rate.
Submerged flow: it occurs when a change in the water 
surface downstream from the flume causes a change in water 
surface elevation upstream of the flume. For submerged 
flow, both upstream and downstream heads, Ha and Hb, are
12
needed to determine the discharge.
Approach flow: hydraulic conditions of the approach
flow are a very important factor if accurate measurements 
are desired. The flow should be well-distributed and smooth 
across the channel and relatively free of turbulence, eddies 
and waves, since Parshall flumes are intended for use as in­
line structures in a stream or canal.10
Development of the Parshall Flume
Experiments were performed in 1915 at the Agricultural 
Experiment Station, Agricultural College of Colorado (now 
Colorado State University) on the venturi flume. This 
device had a converging inlet section, a parallel-wall 
throat, and a diverging outlet. The walls were vertical or 
inclined outward, and the floor was flat and level. In 
1922, Mr. Ralph Parshall made following modifications: (1)
the converging and diverging angles, and the lengths of the 
sections were changed; (2) the crest was elevated and the 
floor in the throat section was sloped downward; and (3) the 
walls became vertical and the floor of the diverging section 
was sloped upward. This device was called then the Parshall 
Measuring Flume by the Irrigation Committee of the American 
Society of Civil Engineers. The flumes are not patented and 
the discharge tables are not copyrighted. Between 1926 and
10 Skogerboe, Gaylord V. et al. , and Richard E. 
Griffin. Measuring Water with Parshall Flumes. UT: Utah 
Water Research Laboratory and Utah State University 
Extension Services.
13
193 0, Parshall flumes of various sizes were developed and 
calibrated through field tests in the Arkansas River 
Valley.11
Parshall flumes are arbitrarily classified according to 
throat width into three main groups: "very small" for 1-, 2- 
, and 3-inch flumes, "small" for 6-inch through 8-foot 
flumes, and "large" for 10 to 50-foot flumes.
Selection of Size, Setting, and Construction
In the design of a flume, the approximate flow rate as 
well as the elevation of water surface in the channel should 
be known or defined. Head loss and cost are the limiting 
factors in the selection of a particular flume size. The 
setting of the flume should be made at the correct elevation 
and with the minimum drop required.
Small flumes can be constructed of fiberglass, wood, 
concrete, or steel and are often pre-fabricated. Larger 
sizes can be built on-site instead of being transported to 
the desired location. Correct finished dimensions and 
alignment are very important. The floor of the converging 
section should be level and the upper and lower gage points 
properly located, because the accuracy of the flume depends 
on these and other factors.
11 U.S. Department of the Interior - Bureau of 
Reclamation. Water Measurement Manual. Denver, CO: U.S. 
Printing Office. 1984. p.43-45.
14
Factors Affecting Accuracy of Parshall Flumes
Approach Flow. If poor flow conditions occur just 
upstream from the measuring device, large errors in measured 
discharge can occur. Any deviation in the approaching flow 
from a normal horizontal or vertical flow distribution, or 
the presence of eddies, turbulence, and local fast currents, 
can affect accuracy. Sand, gravel, or any sediment in the 
approach channel can cause a non-uniform approach flow. To 
correct poor flow behavior, baffles, straightening vanes, or 
other spreading devices may be required in the approach 
channel section.
Exit Flow. The conditions at the exit of the flume can 
cause as much error as the ones in the inlet, although that 
situation is seldom seen.12 High backwater of exit flow 
can submerge the drop through the throat, altering the 
unique relationship between measured depth at Ha and the 
flow rate, thereby creating error in measured flow. If 
backwater submerges the throat section excessively, the 
flume needs to be raised or some obstruction downstream has 
to be removed to reduce the backwater.
Poorly constructed devices. Poor workmanship in the 
construction or installation in the flume can result in a 
non-standard device. Such devices may be out of level, out 
of plumb, out of alignment, have inexact flume throat
12 ASCE. Operation and Maintenance of Irrigation and 
Drainage Systems. New York: Manual Reports on Engineering 
Practice-No. 57. 1980. p.III-45.
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widths, or have incorrect zero setting of the head or staff 
gages.
Poor Measuring Techniques. If the techniques used to 
measure the flow are inadequate, inaccurate discharge 
measurements are expected. Measuring water at the wrong 
place, measuring depth to the wrong reference level, and 
erroneous conversion of depth to flow units, may be some of 
the most common mistakes. Operators need to understand the 
measurement desired, and to examine the results critically 
to improve their measuring techniques.
Propeller Meters
General Description and Nomenclature
Propeller meters belong to the current-type flowmeters 
and have been used since about 1913. Propeller meters are 
used commonly as an open-channel flow measurement device 
submerged near the ends of pipes or conduits flowing full, 
or as in-line meters in pressurized pipe systems.
The principle involved in measuring flow is a simple 
counting of the revolutions on the propeller as flow passes 
through it and causes it to rotate. A unique relationship 
exists between average velocity in pipe and propeller 
revolutions (per unit time). The average velocity is then 
multiplied by the pipe area to give a volumetric flow rate.
Propeller meters have two to six blades made of rubber, 
plastic, or metal mounted on a horizontal axle (Figure 2).
Figure 2. Typical propeller meter installation.13
13 U.S. Department of the Interior - Bureau of 
Reclamation. Water Measurement Manual. Denver, CO: U.S.
Government Printing Office. 1984. p.179.
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The hub of the meter should be placed exactly in the 
center of the pipe and in a horizontal plane.
The shaft from propeller hub to recorder head should be 
in the vertical position. The shaft is geared to a
totalizing head, indicator, or transmitter that records the 
volumetric flow that occurs.
The propeller blade diameters range between one to five 
inches in diameter and flow rates from 0.5 to 17 feet per 
second.
The propeller diameter is always less than the pipe 
diameter, usually from 0.5 to 0.8 times the latter.
Propeller meters are available for a range of pipe diameters 
from 2 to 72 inches.
Some useful relationships for selecting the right size 
of pipe, and hence the propeller diameter are given by 
following equations:
A 7iD2
V: flow velocity in (ft/s) , (m/s)
Q: volumetric flow rate in (ft3/s), (m3/s)
A: circular pipe cross sectional area in (ft2) , (m2)
D: pipe diameter (ft) , (m)
R AREA _ nD2_D 
H PERIMETER ~ AtzD 4
Rh: hydraulic radius in (ft), (m)
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|x  71;D\i
Re: Reynolds number, dimensionless
fj.: absolute or dynamic viscosity of fluid in
(lb- s/ft) , (N- s/m2)
Observe that as the pipe diameter increases, the 
Reynolds number decreases for a constant flow rate.
Factors Affecting Accuracy of Propeller Meters 
Approach Flow and Velocity Distribution. Inaccurate 
measurements can occur for velocities less than 1.5 feet per 
second or beyond the calibrated range of the meter, if it is 
not held steady in the same location during the timing 
sequence; if it is held in an unsteady flow area such as an 
eddy; or if it is used in flow not parallel to the axis of 
the propeller meter.14 If the flow pattern approaching the 
meter is not smooth, and changes occur to the frictional 
resistance of the propeller, gears, and shafts, inexact 
measurements are expected. Accuracy of most propeller 
flowmeters is typically within ±2% to ±5% of the actual 
flow. Calibration is normally made by towing the meter in 
a long channel of still water at several constant and known
14 ASCE. Operation and Maintenance of Irrigation and 
Drainage Systems. New York: Manuals and Reports on
Engineering Practice-No. 57. 1980. p. 111-40.
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speeds.15,16 Other factors are: spiraling flow caused by-
poor approaching flow conditions from the canal to the 
measuring culvert, changes in velocity distribution when the 
conduit from the canal to the meter is not long enough 
(about 6 diameters long) for the flow to reach a normal, 
evenly distributed velocity pattern.
Length of Conduit. If the length of the conduit is 
large (20 to 30 diameters, or longer), the typical fully 
developed turbulent flow velocity profile forms, where 
velocity near the center of the pipe is high compared to the 
velocity near the walls. This depends whether the flow 
velocity profile is turbulent or laminar.
Laboratory tests have shown, that for propeller 
diameters 75 percent or more of the pipe diameter, the 
changes in flow registration are small. Consequently, a 
larger propeller diameter could present a more accurate 
meter because it is driven by more of the total flow in the 
line.
Under-registration. The meter head is the feature that 
counts the number of revolutions of the propeller to measure 
the discharge. Normally, all propeller meter errors are 
negative, that means, if the meter head is affected, less
15 DeCarlo, Joseph P. Fundamentals of Flow Measurement. 
NC: Instrument Society of America. 1984. p. 137.
16 U.S Department of the Interior - Bureau of 
Reclamation. Water Measurement Manual. Denver, CO: U.S. 
Government Printing Office. 1984. p. 178-183.
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revolutions on the propeller will be counted resulting in 
under-registration. In fact, more water is delivered than 
registered or paid for.
Other factors causing under-registration are: poor
entrance conditions to a turnout pipe, elbows, fittings, and 
asymmetric approach flow.
Propeller shafts usually rotate in one or more bearings 
enclosed in the hub and are protected from direct contact 
with objects in the flow stream. Nevertheless, water may 
enter the bearing and the hub traps sediment, silt, floating 
moss, weeds, and other objects. Meter bearings may become 
damaged and turning more difficult.
Propeller meters require an adequate maintenance 
program. Some meter bearings can be lubricated.
Periodically, meters should be calibrated in-place to 
countereffect corrosion and wear. Costs range from $10 to 
$25 per year or several times this much, depending upon 
given maintenance, repair, or replacement if degree of 
caused damage to the bearings is extreme. In some meters a 
single bearing may cost $75 (Water Measurement Manual, 
1984) . At the City of Las Vegas WPCF, propeller meters are 
calibrated every three months. The cost of each occurrence 
may reach about $500 in labor.
CHAPTER 3
MATERIALS AND METHODS
Characteristics of Measurement Devices 
at the City of Las Vegas WCPF
Inflow is measured using four-foot Parshall flumes for 
Plants 1 and 2, and three-foot flumes for Plants 3 and 4. 
The influent flow is split in three ways after the grit bar 
screens to Plant 1 (built 1957), Plant 2 (built 1967), and 
to Plants 3 and 4 (1991) as shown in Figure 2a. Water depth 
is measured using ultrasonic sensors located at Ha, in the 
converging section of each flume, and then converted to 
flow. Flows through all four flumes are then summed and 
reported on circular chart recorders in the control room of 
the administration building. Flows are also digitized for 
display and storage on a SCADA17 distributed control and 
data acquisition system. After treatment, effluents from 
the separate plants merge in an effluent channel where 
combined flow is measured in an inverted siphon using 
propeller meters. The data is recorded on circular charts 
and digitized for display and storage in the SCADA system.

















Figure 2a. Distribution of influent flow at the plant.
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Parshall Flumes
Parshall Flumes 1 and 2. Flume 1 dates from the 
original opening of Plant 1 in the late 1950's. Flume 2 is 
similar in physical characteristics to Flume 1 and dates 
from the late 1960's (1967) opening of Plant 2. The throat
section of the flumes has a width of 4 foot. The flumes
were constructed on site. They are made out of concrete, 
following the dimensions at each section of the flume design
made by Ralph L. Parshall18 (see Figure 3) . At the Ha
location, digital readouts of depth (in feet or inches) and 
flow (in million gallons per day: MGD) are recorded at 1 
second intervals. The instrumentation for these readouts is 
located in an instrument shack adjacent to each flume. At 
the same time, data is transmitted to the SCADA system.
Flows to Flumes 1 and 2 are regulated from the splitter 
box located after the bar screens at the headworks. Flows 
through each flume vary from less than 5 MGD in the early 
morning hours to about 2 0 MGD at peak
flow. ISCO flow sampler pipes enter the water surface at 
the approach section in each flume.
Exiting the flume, the wastewater flow is released 
into a short and narrow parallel channel; the flow is then 
conducted into a rectangular grit chamber and dropped over 
fixed rectangular weirs to the primary sedimentation basins.
18 U.S. Department of the Interior - Bureau of 
Reclamation. Water Measurement Manual. Denver, CO: U.S. 
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Figure 3. Parshall flume dimensions.18
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Parshall Flumes 3 and 4. Flume 3 dates from the 
original opening of Plant 3 in April 1991. Flume 4 is 
similar in size and physical characteristics to Flume 3 and 
dates from the opening of Plant 4 in July 1991. The flumes 
have 3-foot throat section widths and have the dimensions 
indicated in Figure 3 following Mr. Parshall's design.
Flumes 3 and 4 were pre-fabricated and made out of 
concrete. They were transported to site for installation. 
Continuous ultrasonic data recorders measure the water depth 
at Ha. Alternating digital readouts of depth (ft) and flow 
rate (MGD) are available in an instrument shelter adjacent 
to the flume. Data is also transmitted to the SCADA 
computers located in the operations building.
Combined flows to Flumes 3 and 4 can be regulated by 
raising or closing the gate from the splitter box located 
just after the bar screens at the headworks. The flow is 
conducted by a 1200-foot long, 60" diameter pipe to a 
diverting section that distributes the flow to Flumes 3 and 
4. After flowing through the flumes, the flow is discharged 
into a short channel that takes the flow into rectangular 
grit chambers. The flow is conveyed then to the primary 
sedimentation basins. Flows through each flume generally 
vary from less than 5 MGD in the early morning hours to 
close to 10 MGD at peak flow.
Ultrasonic Head Meters
The ultrasonic level recorders are fixed on a
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horizontal bar at each flume measuring the water depth at Ha 
location (see Figure 3) . A continuous 4-20 milliampere (mA) 
signal representing the flow rate is digitized and put on 
the data highway for transmission throughout the plant. The 
data highway uses RS-232C and RS-434 protocols for signal 
transmission.
The ultrasonic transmitter produces a height signal that 
is read at 1 second intervals and converted to a 4-2 0 mA 
signal. For Flumes 1 and 2, 4 mA represents 0 MGD and 20 mA 
represents 25 MGD, while for Flumes 3 and 4, this signal 
represents 0 MGD for 4 mA and 25 MGD for 20 mA. As of 
October, 1993, totalizing flow transmitters are used all 
plants. The ultrasonic sensor heads are set to indicate zero 
flow when registering the dry bottom of the flume.
A/D19 Specifications:
Sensor Net SLM Sonic Level/Flow System.
A/D output: 12 bits ± 1 digit
0.024% ± 1 digit
There are 32 readouts of total rate per second, and 32 
channels (from 0 to 31) as signal goes to SCADA, this means 
that there is one digitization per channel per second.
To compensate for effects of velocity of sound changes, 
a reference target can be used. With the distance between 
the reference target and the transducer remaining constant, 
any change in temperature is reflected in the speed of the
19 A/D: conversion from analog to digital output
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target signal. The SLM (Sonic Level Meter) compensates for 
these changes when calculating levels. The reference target 
is close to the surface to be measured (at least 15.75 
inches). Direct sunlight exposure is avoided. The system 
optimizes operation based on the assumption that the 
transducer temperature is equal to the surrounding 
atmospheric temperature.
Circular Charts 
The circular charts installed in the operations 
building of the WPCF receive a digitized signal from the 
ultrasonic transmitters located in the flumes and reconvert 
this signal back to analog output. The signal has an output 
current of 4-20 mA. Circular chart recorders are used as a 
visual check of the flow occurring at the plant. Chart 
recorded data comes off a RTU (Remote Terminal Unit) on the 
data highway. This data has gone through more
transformations than the meter data that is read off the 




Input signal: 4-20 mA for recorder and indicator
20 D/A: conversion from digitized signal to analog
output
21 Sparling Instruments Co., Inc. El Monte, CA: Litho 







RTU & DAMP and A/D
Figure 3a. Transmission of signal through the plant. 
D/A output: 12 bits ± signal ± 0.1% offset
0.024% + 0.1% + 1 digit 
Accuracy: ± 1% FS
Reproducibility: ± 1% FS
Response time - FS: 10 seconds max
The Sparling Model 767 circular chart recorder is 
designed for accurate measurement and precise recording of 
any variable process that can be translated into voltage or 
resistance signals.
Remote Terminal Units (RTUs)
The RTU's located in the different treatment 
installations at the WPCF damp the oscillations in data. 
The digitized current (12 bits) is sent on the data highway 
to the RTUs for readouts and storage.
To explain how the RTUs work, the following example 
will be given:
Assume that raw data is collected at different times. RTUs'
indicated data will also be recorded at same times.
Time t-L t2 t3
Raw data x3 x2 x3
Indicated data x3 x1+Ax2/K x2'+Ax3/K
where x2'= x1+Ax2/K
K: is function (unknown) of set point value that can 
be displayed on RTU which ranges from 0 to 50. K 
is always bigger than 1.
K = K (set point) 
for K = K (0) => K = 1
The set point is adjusted by the user. For Flumes 1 
and 2 the set point is 1; for Flume 3 the set point is 10; 
and for Flume 4 the set point is 50. High K values damp 
response to transients. We might see in Figure 4 the 





Figure 4. RTU signal outcome with large K.
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Propeller Meters
The effluent channel that discharges the treated 
wastewater has a maximum capacity of 150 MGD. The 3000-ft 
long channel has a bottom width of 15 ft, a 1.5:1 side 
slope, an average depth of 5 ft, and a slope of 0.60. The 
propeller meters are placed in an inverted siphon 
constructed in the effluent channel.
At the propeller meters, digital pulses from rotation 
are modified by D/A to 4-2 0 mA signal which is then 
converted to flow at the totalizers. This signal is then 
digitized and sent on the data highway to the RTUs.
There are two propeller meters recording data at the 
effluent channel of the plant (see Figure 5). The data is 
displayed by dial meters inside a shack adjacent to the 
effluent channel. The effluent channel has two gates, north 
and south. The channel discharges the treated wastewater to 
the Las Vegas Wash.
City of Las Vegas uses effluent meter data when 
reporting flows to the Las Vegas Valley Water District and 
the Environmental Protection Agency (EPA). Before 1992, 
effluent flows were estimated. The effluent propeller 
meters were brought on-line in January 1992.
The propeller meters are fully submerged and face the 
center of the flow at the discharge end of an inverted 
siphon. They are suspended from a pipe column attached to 














Figure 5. Effluent channel at the plant.
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Figure 5a. Propeller meter used in effluent.22
22 Used with permission of Sparling Instruments Co. 
Inc. PDS-142-5. El Monte, CA: Litho in U.S.A. 1988.
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diameter concrete pipe (R.C.P.). Straightening vanes are 
mounted in the pipe to insure straight flow conditions and 
accurate measurement.
Outside of the shack and connected to the propeller 
meters, mechanical totalizing dials read out directly and 
continuously the quantity of water that is discharged 
through either of the gates at the effluent. The mechanical 
readouts are converted to a 4-20 mA signal and transmitted 
to the dial meters in the shack. The dial meters are not 
meant to accurately measure flow; they show the magnitude of 
flow and run on a 4-20 mA signal, where 4 mA means zero 
flow, and 20 mA means full scale. The 4-20 mA signal is 
digitized at an RTU and sent through the data highway to the 
SCADA system in the operations building. A second RTU 




Meter Type: FM 142 Meter Size: 72"
Meter Spec.: FM-142-726-110-0
Type of Control: FT 193-III-2
Output: 20 mA at 50,000 GPM (gallons per
minute) full scale 
Pulse output: 10,000 gallons/pulse
23 Sparling, Instruments Co., Inc. Meter Records. Las 
Vegas, NV: 1990. Meter Serial Numbers 125976 and 125977.
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Type of propeller: 3 blades 38 3/8" diameter
Type of indicator: LI 785-9
The transmitter mechanism (FT 193-III-2 transmitter) 
uses a chopper wheel and photo pickup to provide both a 4-20 
mA current signal and a scaled pulse output directly 




Number of digits: 6
Accuracy: ± 2% Actual Flow Over Rated
Meterhead Range
Output: 4-20 mA and Scale Electronic
Pulse Rate
The dial indicators (LI 785-9) are used for local 
indication of the 4-20 mA signal.
Manufacturer: Sparling
Meter accuracy: ± 2% of FS
Input Signal: 4 to 2 0 mA
Software Packages
Since most of the collected data at the City of Las 
Vegas WPCF are numbers, it was decided to analyze and record 
experimental data in the format of spreadsheets. 
Spreadsheets allow the user to organize data (numbers and
24 Sparling Instruments Co., Inc. El Monte, CA: Litho 
in U.S.A. 1987. IDS-193 and PDS-190.
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text) in a cell-fashion format composed of columns and rows 
that facilitate the reader to interpret data. The big 
advantage of using spreadsheets is that the user is able to 
perform calculations within a file, analyze, compare, and 
graph the desired or required work. For this purpose, the 
author has used the microcomputer spreadsheet package 
Quattro ® Pro (DOS), versions 3.0 and 4.0 (Borland 
International, Inc.).
Available Flow Data from City of Las Vegas WPCF
Data was recorded at the WPCF during the last four 
years. A list of the data provided to the author is shown 
below:
1990 combined influent flow in MGD (May-Dee)
1990 combined effluent flow in MGD (May-Dee)
1990 total reuse flow in MGD (May-Dee)
1991 combined influent flow in MGD (Jan-Dee)
1991 combined effluent flow in MGD (Jan-Dee)
1991 total reuse flow in MGD (Jan-Dee)
1991 estimated evaporation in MGD (Jan-Dee)
1992 combined influent flow in MGD (Jan-Dee)
1992 combined effluent flow in MGD (Jan-Dee)
1992 Nevada Power reuse flow in MGD (Jan-Dee)
1992 estimated evaporation in MGD (Jan-Dee)
1993 combined influent flow in MGD (Jan-Jun)
1993 combined effluent flow in MGD (Jan-Jun)
1993 Nevada Power reuse flow in MGD (Jan-Apr)
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1993 estimated evaporation in MGD (Jan-Apr)
This data was analyzed and interpreted during several 
weeks to obtain "clues" that provide a better understanding 
of the flow conditions occurring at the plant, which is that 
more effluent flow is frequently being recorded than 
influent flow. This very laborious analysis is summarized 
in the next chapter. The discussion of the results had as 
a principal outcome the layout of the different methods of 
experimentation to be used in this investigative project.
The specific contents of provided data are to be found 
in Appendix I.
Methods of Experimentation
Various methods of experimentation were used to 
investigate the problem of measured effluent flows exceeding 
measured influent flows at the plant. For each experiment, 
various calculations were performed to aid in the design of 
subsequent experiments and the interpretation of results. 
A description of the experiments follows.
Experiment # 1
The first experiment was intended to investigate the 
flow behavior at the inflow during peak flow hours (about 
11:00 am) under high flow conditions. The experiment 
started around 11:00 am and finished at 02:00 pm.
The high flow experimental plan included manipulation 
of gates at a splitter box located at the influent entrance
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pipe. The gates were raised completely above the water 
surface for accurate recordings to take place in the flumes.
Working with cooperation of City of Las Vegas 
personnel, it was possible to station one person at each 
flow indicator to record data on pre-printed forms. Radios 
were used to advise data recorders of changes in gate 
status, to provide 3 0 second warnings before an event was to 
begin, to record data in each interval, and to stop 
recording of data for each event.
The flume flow indicators updated readings every 
second, and displayed three readings of flow, three readings 
of height, then three readings of flow, etc. Therefore, 
during an event, three readings of height and three of flow 
were recorded every 15 seconds on signal from the radio. 
Each event took about 12 minutes; 2 minutes were allowed for 
raising or lowering the gates by the operators, 5 minutes 
were allowed for the flow condition to stabilize, and 5 
minutes were used to obtain readings. At Flume 2, only flow 
was displayed by the flow indicator in the shack until 
October 1993.
The plant flow configuration was performed as follows:
EVENT# FL1 FL2 FL3 FL4 GATE CONFIGURATION
1 X X X X All gates open
2 X X X X All gates open
3 X X X Close #4 at 3-4 splitter
4 X X X X Open #4 at 3-4 splitter
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5 X X X Close #3 at 3-4 splitter
6 X X X X Open #3 at 3-4 splitter
7 X X X Close #2 at splitter box
8 X X X X Open #2 at splitter box
9 X X X Close #1 at splitter box
10 X X X X Open #1 at splitter box
11 X X Close #3-4 at splitter box
12 X X X X Open #3-4 at splitter box
13 X X X X All gates open
Legends:
X: gate open
FL: Parshall flume number
Events 1, 13 and all even-numbered events were done
all four flow gates open They were intended to trac}
any long-term changes in flow rate that could occur during 
the experiment.
The results of this experiment will be discussed in a 
later chapter. See Appendix II for detailed recorded data.
Experiment # 2 
This experiment investigated flow behavior in the 
Parshall flumes during early morning hours where low flow 
conditions are occurring in the plant. The inflow varies 
from less than 5 MGD to close to 20 MGD at peak flow. It 
was intended to record data from 3:00 am to 7:00 am. For 
the low flow experimental plan, one person was stationed at 
the SCADA system in the operations building, another was
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stationed with an operator at the gates for their 
manipulation, and a third person was at a different flume 
each time for a couple of events recording data from the 
flow indicators.
The gates were raised completely above the water 
surface for accurate recordings to take place in the flumes.
Radios were used to advise the operator and data 
recorders of changes in gate status, to provide 3 0 second 
warnings before an event started, to record data, and to 
stop recording data for the running event.
For each event, data was recorded during 5 minutes from 
the SCADA for four updates of the screen. The team allowed 
about 2 minutes for gates to be manually opened or closed, 
and then allowed 5 minutes for the flume flow condition to 
stabilize before recording.
Readings of flow for each of the Parshall flumes were 
taken from the screen displayed by the SCADA system. The 
recordings of influent flow taken from the flow indicators 
at the flumes varied according to the location of the person 
in charge of the readings. Most of the readings were 
collected at Flumes 3 and 4.
The plant flow configuration was the following: 
EVENT# FL1 FL2 FL3 FL4 GATE CONFIGURATION
21 X X X X All gates open
22 X X X X All gates open
23 X X X  Close #1 at splitter box
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24 X X X X Open #1 at splitter box
25 X X X Close #2 at splitter box
26 X X X X Open #2 at splitter box
27 X X Close #1 & #2 at splitter box
28 X X X X Open #1 & #2 at splitter box
29 X X Close #3-4 at splitter box
30 X X X X Open #3-4 at splitter box
31 X X X Close #3 at 3-4 splitter
32 X X X X Open #3 at 3-4 splitter
33 X X X Close #4 at 3-4 splitter
34 X X X X Open #4 at 3-4 splitter
35 X X X X All gates open
Legends
X: gate open
FL:: Parshall flume number
Events 21, 35 and all even numbered events were done 
with all flow flume gates open. They were intended to track 
any long-term changes in flow rate that could occur during 
the experiment.
The results of experiment # 2 will be discussed in 
chapter 4. See Appendix II for detailed recorded data.
Experiment # 3 
The purpose of this experiment was to analyze the flow 
behavior in Parshall Flume 1 (W = 4.0 FT). Three persons 
conducted the experiment. For water depth and flow rate at 
the Ha location, readings were taken by one person from the
flow indicator in the shack adjacent to the flume. A bar 
was installed at a marked-out location for the horizontal 
location of Hb (see Figures 3 and 6) . The water depth 
inside the throat section of the flume (Hb) was measured 
with help of a stickmeter that was held by a helper. A 
plumb was attached to the inch-scaled stickmeter to avoid 
rough movements in case water strikes the very end of the 
stickmeter and to make vertical holding of the stickmeter 
easier. In this manner, readings of the water surface 
profile were taken by the third person at the reference 
level which was marked at the horizontal bar on top of the 
flume throat section, and Hb was then calculated. The drop 
of the transition section and the depth of the bottom of the 
channel were taken in account for the computation of Hb. 
The data was collected for about five hours, starting early 
in the morning (about 6:00 am) and finishing almost when 
peak flow was taking place (11:00 am). To aid in the 
understanding how Hb was determined from the stickmeter 
readings, Equation (1) shows the calculation and Figure 6 
illustrates the process.
Hb = Z - (P + D + N) + S (1)
Hb= Depth of flow above the elevation of the flume 
crest (IN or FT).
Z = Avg. depth to channel bottom measured in the 
flume measured in inches (IN)
P = Height of plumb (IN)
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D = Drop reading at water surface profile (IN)
N'= Depth of transition (IN)
S = Depth of flume slope (IN)
X = Distance from end of throat section to Hb
location (IN) = 2.0 (for 3-ft and 4-ft width
flumes, see also Figure 3)
The depth from the horizontal bar installed at Hb to 
the bottom of the channel is the reference level. Surveying 
was carried out to find out whether the flumes were lightly 
tilted or level. The depth of the slope of the flume, if 
available, counted towards Hb calculation. The depth of the 
transition (N') can be determined from the dimensions given 
by the Water Measurement Manual (1984). It was preferred 
though, that this depth (N') be measured on site, that is, 
inside the flume. To achieve this, the flume gate was shut, 
the flume emptied, and the measurement taken.
The results of this experiment are shown in the next 
chapter, followed by a discussion about the outcome. Raw 
data is shown in its whole extension in Appendix III.
Experiment # 4 
The objective of this experiment was determine the flow 
performance in Flume 2 (W = 4.0 FT) . A team of three 
persons worked at the flume to obtain readings of depth and 
flow at locations Ha and Hb. The experiment was run for 
about five hours, starting in the early morning hours (6:00 
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Figure 6. Hb measurement.
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Readings of depth and flow at Ha were obtained from the 
flow indicator inside the shack near the flume.
Depth measurement methods for location Hb were similar 
as the methods used at Flume 1. As in Experiment # 3, it 
was necessary to find out some dimensions, such as the depth 
to the bottom of the channel, the depth of the slope of the 
flume, and the transition depth in order to calculate the 
values for Hb (see Equation (1)). To perceive how 
measurements were taken at Hb, refer to Figure 6 of 
Experiment # 3.
In the next chapter, the results of this experimental 
process will be discussed and the formulas to calculate the 
flow rate occurring at Flume 2 will be presented. For 
detailed recorded data, refer to Appendix III.
Experiment # 5
The goal of Experiment # 5 was to observe the
wastewater flow pattern across Flume 3 (W = 3 . 0 FT) and to 
obtain enough data for better understanding of the 
conversion between water depth and flow rate.
A team of three persons collected the necessary data 
for about five hours. The experiment started early in the 
morning (6:00 am) until flow through the flume built up and 
reached the morning peak (11:30 am). Dimensions of the 
reference level were taken (Z, see Figure 6), that is the 
height from the bar installed at Hb to the bottom of the 
flume channel.
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Readings of depth and flow were taken by one individual 
from the flow indicator located in an instrument shack close 
to the flume. This value corresponded to Ha.
For depth values at Hb, identical methods (plumb 
attachment, leveling, measurement of transition depth, etc.) 
were used as in Flume 1. Hb was then calculated with 
Equation (1) .
The outcome of Experiment # 5 will be shown and
discussed in a latter chapter. The recorded data is kept in 
Appendix III.
Experiment # 6
This experiment was conducted to analyze the flow 
pattern behavior of influent wastewater in Flume 4 (W = 3.0 
FT) . The experiment lasted five hours. It began around 
6:30 am and finished about 11:30 am, when peak flow was 
reached. A group of three persons executed the experimental 
tasks. One individual read values for flow and depth 
corresponding to Ha from the flowmeter indicator in the 
instrument shack adjacent to Flume 4. For measurements of 
depth at the location of Hb, similar methods were used as in 
Flume 1 (see Experiment # 3). The readings from the
stickmeter were used later to calculate Hb (see Equation 
(1)). Readings were taken intermittently for five minutes 
in each event allowing also some time for a team rest.
In order to get accurate measurements at this flume, 
surveying was used to find out if the flume was somehow
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sloped. The depth of this inclination (S) was accounted for 
the calculation of Hb (see Figure 6) . Also, the depth of 
the drop transition part (N' ) in the throat section was 
measured inside the flume which was emptied for this 
purpose.
The results are put together in the next chapter. 
Detailed recorded data can be found in Appendix III.
Experiment # 7
The purpose of Experiment # 7 was to get measurements 
from flow at the effluent propeller meters. Two sets of 
data were obtained for the effluent flow: (1) readings from
the dial meter recorders located inside a shelter close to 
the effluent channel, and (2) readings from the SCADA system 
in the WPCF's operations building. A team of three persons 
was needed for this task. Radios were used to announce 
starting times for the recording of each event. The 
experiment was run from 8:00 am to 12:30 pm.
The readings from the dial meters display gallons of 
water per minute (GPM) that are discharged to the Las Vegas 
Wash. On the other hand, data that is transmitted through 
the data highway is recorded at the SCADA system, where 
effluent flow is recorded in MGD.
The events include closing and opening of either the 
north gate or the south gate. On some occasions, both gates 
were opened, to allow the data takers to have a better idea 
of the flow distribution at the effluent.
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A summary of the events and gates' configuration is 
provided below:
EVENT# NORTH (N) SOUTH (S) GATE CONFIGURATION
1 X Close south gate
2 X X Open south gate
3 X Close south gate
4 X X Open south gate
5 X Close south gate
6 X X Open south gate
7 X Close north gate
8 X X Open north gate
9 X Close south gate
10 X X Open south gate
11 X Close north gate
12 X X Open north gate
13 X Close south gate
14 X X Open south gate
15 X Close north gate
16 X X Open north gate
17 X Close south gate
Note: X = gate open
The summary and find outs of this experiment will be 
shown in the next chapter. Refer to Appendix IV for 
recorded data of each event.
Experiment # 8 
The objective of Experiment # 8 was to collect data for
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effluent flow from the propeller meters. Although this was 
accomplished in Experiment #7, it was decided to register 
more data for better interpretation of results. There are 
three sets of data that one could get for the effluent flow: 
direct readings from the mechanical meters that are directly- 
connected to the propeller meters, readings from the dial 
meters located inside the shelter adjacent to the effluent 
channel, and data from the SCADA system transmitted by the 
data highway.
The experiment was executed by three people. Readouts 
from the mechanical meters run continuously as the water 
passes through the effluent pipe. They indicate the amount 
of gallons that flow through the effluent channel to the Las 
Vegas Wash. One person recorded data from these mechanical 
recorders. Another obtained readouts of flow (GPM) from the 
dial meters in the shack. The third person collected data 
from the SCADA system in the operations building. 
Experiment # 8 started at 11:00 am and continued until 1:00 
pm. Radioed transmissions were used to announce ongoing 
events and when to start with a set of readings.
The gate configuration used in each event is summarized 
as follows:
EVENT# NORTH (N) SOUTH (S) GATE CONFIGURATION
1 X Close north gate
2 X X Open north gate
3 X Close south gate
4 X X Open south gate
5 X Close north gate
6 X X Open north gate
7 X Close south gate
8 X X Open south gate
9 X Close north gate
Note: X = gate open
A summary of the results and the corresponding
discussion can be seen in next chapter. The data for each 
event from this particular experiment can be found in 
Appendix IV.
Experiment # 9
The intention of Experiment # 9 was to observe if there 
is an effect on the water surface profile across the flume 
channels by lowering and raising the gates of Parshall 
Flumes 3 and 4. It was desired to find out if the time- 
averaged summed flows of sensors 3 and 4 are changed by 
slight contact of the flume's upstream splitter gate with 
the water surface. Additionally, it was to observe if the 
gate's modification of the water surface profile is felt 
downstream at the flume sensor head.
The experimental work was executed during time of 
constant flow (from 1:00 to 2:30 pm) . A team of two persons 
worked at the flumes. One person moved the gate to one 
flume into contact with water surface counting the turns to 
take the gate all the way closed, while the other recorded
data of depth and/or flow at the flow indicator in the 
instrument shack. The gate was then brought back to the 
original position (open). The next step was to close the 
other gate counting the turns it took to be lowered 
completely, and then to retract the gate to full open. At 
the same time, the other person collected readings of depth 
and/or flow from the flow indicator of the second flume.
A summary of the events and the results is provided in 
next chapter followed by the corresponding discussion.
CHAPTER 4
RESULTS AND DISCUSSION
4.1 Plant Flow Data 
Flow in 1990. In 1990 only Plants 1 and 2 were 
working, while Plants 3 and 4 were being constructed. Data 
available to the author starts in May 1990.
Before effluent measurements began in January 1992, the 
influent was measured and the effluent calculated, from the 
following relationship:
Q e f f  =  Q i n  - Q  (evaporation + reuse) Q n p  Q s l (4.1)
where Qeff : daily effluent flow (MGD)
Qin : daily influent flow (MGD)
Qnp : Nevada Power water reuse (MGD)
Qsl : water lost in sludge disposal (MGD)
The average influent flows do not fluctuate much. In 
the summer, potable water demand was larger than in winter 
and therefore we can see an increase in water being treated 
in the plant. The effluent flows were less than the 
influent and no problems of water balance seemed to arise at 
that time. The results are summarized in Table 1. Figure 
7 shows the influent and effluent flows. For the existing
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flow difference between influent and effluent (Figure 8) and 
following a physical and logical mass balance, we should 
observe that in any case the influent flow should be larger 
than the effluent, taking in account that there are losses 
due to water reuse, evaporation, and sludge treatment. The 
incoming water into the plant is composed of influent 
wastewater and fresh water (0.25 MGD).
SUMMARY OF AVERAGE FLOWS 
CITY OF LAS VEGAS WPCF
YEAR: 1990
Legends:
Qin : Avg. influent flow (MGD)
Qout : Avg. estimated effluent flow (MGD) 







MAY 39.52 38.37 1.15
JUN 42.62 40.92 1.70
JUL 41.79 40.05 1.74
AUG 40.97 39.37 1.60
SEP 40.74 39.69 1.05
OCT 39.16 38.19 0.97
NOV 39.38 38.51 0.87
DEC 38.40 38.05 0.35
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Figure 8. Flow difference -1990.
Flow in 1991. Starting April 1991, metered influent
flows were available for each plant. At that time Plants 1,
2 and 3 were working. Plant 4 started up in July, and Plant
2 was shut down for maintenance in August, 1991. In the
summer months influent flows increased due to higher water
usage. The effluent fluctuates from winter to summer based
on the quantities of wastewater treated at the plant (see
Figure 9). Table 2 summarizes average flows for influent,
effluent, and the flow difference produced between the both
latter quantities. The problem noticed by the plant
personnel had not started yet, because we can see that the
difference in flow is still in the positive range,
indicating that influent is larger than effluent (Figure
10) . YEAR: 1991
Legends:
Qin : Avg. influent flow (MGD)
Qout : Avg. estimated effluent flow (MGD) 







JAN 36.81 36.48 0.33
FEB 37.43 35.57 1.86
MAR 37.90 36.41 1.49
APR 37.96 35.93 2.03
MAY 37.76 35.51 2.25
JUN 39.80 37.28 2.52
JUL 41.37 38.65 2.72
AUG 42.56 40.60 1.96
SEP 39.86 38.06 1.80
OCT 36.94 35.09 1.85
NOV 36.36 34.71 1.65
DEC 37.74 36.20 1.54
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Figure 10. Flow difference - 1991.
Flow in 1992. Plants 1, 3, and 4 were put on line. 
Plant 2 started up in May, 1992, however its influent flow 
meter was not working until June. From June to the middle 
of November, data was recorded for all four plants. Plant 
1 was shut down on November 17, 1992. From January to
March, both propeller meters, north and south, were working. 
The north meter was brought off-line for one week early in 
April, and then brought back until the first week of June,
1992. Beginning the first week of June, the south meter was 
put off-line until the first week of September. From then, 
both meters were working until the end of year 1992. Table 
3 puts together total average influent, effluent, and 
difference flows for this year.
YEAR: 1992
Legends:
Qin : Avg. influent flow (MGD)
Qout : Avg. effluent flow (MGD)







JAN 33.26 38.60 -5.34
FEB 36.31 39.35 -3.04
MAR 43.54 41.48 2.06
APR 45.66 39.24 6.42
MAY 42.35 38.49 3.86
JUN 42.84 38.40 4.44
JUL 43.43 38.13 5.30
AUG 44.16 38.28 5.88
SEP 43.07 38.65 4.42
OCT 41.39 37.82 3.57
NOV 36.34 39.89 -3.55
DEC 36.53 40.23 -3.70
Table 3. Average influent and effluent flows - 1992.
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Figures 11 and 12 illustrate the flow fluctuation in 
year 1992. Observe that the flow difference in January and 
February is greater than 2 MGD but less than 6 MGD. The 
error would range between 8% and 16%. From March to
October, we observe larger influents than effluents that 
show a difference between 2 and 6 MGD. The last two months 
show again larger effluents than influents (3.5 - 3.7 MGD) 
that represent about 10% error.
FLOW DATA - CITY OF LAS VEGAS WPCF
INFLUENT A N D  EFFLUENT
5 0 .0 0 -
4 8 .0 0 -
4 6 .0 0 -
A A
% 3 8 .0 0 -
3 4 .0 0 - - :
3 2 .0 0 -
30.00-
JAN M AR M AY JUL SEP N O V
FEB APR JUN AUG  OCT DEC  
YEAR 1992 (M ONTHS)
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Figure 12. Flow difference - 1992.
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Flow in 1993. Influent and effluent flow data is 
available from January through June, 1993. Reuse and 
estimated evaporation data cover from January to April, 
1993. From January to middle of May only Plants 2, 3, and 
4 are on-line. Plant 1 started up at that time, and all 
four plants were working. The data reaches the first week 
of July, however this was not taken in account in the tables 
and figures that follow. The north propeller meter was 
working alone from January 1 until beginning of April when 
the south meter was put back on line. Both meters were 
working from that point to the first week of April. The 
south meter was then shut down until the first week of July, 
when it switched turns with the north meter. Table 4 
condenses the information for influent, effluent, and flow 
difference for year 1993 .
YEAR: 1993
Legends:
Qin : Avg. influent flow (MGD)
Qout : Avg. effluent flow (MGD)































Table 4. Average influent and effluent flows - 1993.
Figures 13 and 14 show the fluctuation of the flow in
1993. January shows a large flow difference (4 MGD) 
representing about 10% error. The following three months 
indicate effluents larger than influents in the amount of 1 
to 2 .5 MGD (3% to 6% error) . Negative flow differences were 
encountered around the time Plant 1 was put off-line 
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FLOW DATA - CITY OF LAS VEGAS WPCF
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Figure 14. Flow difference - 1993.
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The negative flow difference in the first months of 
1993 could be explained by the observation that the north 
propeller meter was not working properly and had to be taken 
off-line for repair. However, one can not exclude the 
possibility of measurement errors taking place in the 
influent devices (Parshall flumes).
When comparing flow differences from years 1990 - 1993 
from Figures 8, 10, 12, and 14, observe that the negative
flow difference (Qin - Qout) did not occur until both sets 
of flows (influent and effluent) were measured (from 1992 to 
1993) . Negative flow differences were measured for eight of 
the eighteen months of that record (Figure 14a). The early 
flow differences (1990-1991) are not reliable because of 
inaccurate estimates of evaporation (Qevap), see Appendix I.
Operating time for plants and propeller meters is shown 
in Figure 14b. Notice that when Plant 1 was taken off-line 
((Nov 92 - May 93), negative flow differences built up, as 
shown in Figure 14a. The same phenomena occurred when Plant 
2 was not operating (Sep 91 - May 92); the flow difference 
started to decrease and reached negatives values during the 
first two months of 1992. As soon as Plant 2 was put back 
on line, the flow difference was positive (Qin > Qout).
Due to the observed flow differences, it was decided to 
conduct plant gate manipulation experiments (# 1 and # 2), 
and to make measurements at individual flumes (Experiments 
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Figure 14a. Flow difference (May 1990 - June 1993)
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CHRONOLOGY OF PLANTS AND METERS IN OPERATION
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M J J A S O N D  J F M AM J  J AS O N D J  F M A M J  J A S O N D J  F M A M J
90 91 92 93
Figure 14b. Diagram of plants and meters in operation.
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When operating times for the north and the south 
propeller meters from Figure 14b are compared with the 
periods of time in which negative flow differences appeared, 
no clear pattern can be discerned. The behavior of the flow 
difference in contrast to the meters operating times is not 
consistent. Therefore, it was decided to try to make 
measurements of errors in individuals meters (Experiments # 
7 and # 8).
4.2 Experiment # 1
Parshall Flume 1. Water behavior observed in Flume 1 
during high flow conditions indicated that the flow in the 
converging section was not well distributed across the 
entrance width. The flow lines are not parallel to the 
flume entrance. Turbulence in form of visible surface boils 
can be observed close to the water sampler upstream. Surges 
and waves exist across the flume channel forming a non-level 
water surface when observed from upstream.
Flow and water surface fluctuations across time produce 
variations in the measured depth (i.e. at Ha location). 
Errors due to this temporal variation in the signal must be 
calculated, because they can obscure possible errors in data 
conversion such as height to flow conversion, and flume flow 
conversion to SCADA recorded flow.
Figure 14c shows the temporal variation of the signal 
displayed for the height due to water surface changes 






Figure 14c. Variation in height produced by 
water surface fluctuations.
The summary shown in Table 5 indicates that within the 
inherent uncertainty of the process being sampled, the water 
depth collected at Ha (Davg) is being converted correctly 
into flow (Qavg), as the difference between Qcalc and Qavg 
is less than the experimental uncertainty. The standard 
deviation of the average displayed flow (STD.DEV.Qavg) is 
calculated with Equation (2), and will be used to determine 
the importance of the significant error (signif.error).
0 = A
where a : standard deviation = STD.DEV.Qavg (MGD)
Xi : measurement of height = Davg (ft) 
x : average of height measurements (ft)
To calculate the flow rate in Flume 1, Equation (3) was 
used. This equation is valid for the calculation of 
discharge under free flow conditions for Parshall flumes 
sizes of 1 to 8 feet throat width sections.
0=4 m a1'522!f0-026 (3 )
where W : throat width (ft)
Ha: upstream head (ft)
Q : free flow discharge in (cfs)
The error analysis on Equation (3), carried according
to methods for uncertainty described in Holman (1978), is
determined by following relationship:
f=axybxC
where
a = 4; b = 1.522; c = 0 .026; X  = W ; y = Ha
Assuming W (throat width) is fixed and has no error, we
where
wy = uncertainty in y (Ha)
Then,
=1. 522f/0-026 I If y '
-^=1.522f7°-026|— I (4)
0 H
where AQ : standard deviation of average flow
AH : standard deviation of average height, short 
term average error in measuring height due 
to turbulence.
Q : average flow during interval (event)
H : average height during interval (event)
AQ/Q : relative error in Q
AH/H : relative error in H
Since the average calculated flow (Qcalc) and the 
average height at Ha (Davg) are known, the uncertainty in
the calculated flow (AQ), can be derived from Equation (4).
It follows:
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With the notation used in the summary, Equation (5) can 
be written also in the next form:
STD. DEV. Qcalc = 1.522 W°-026 | STD . DEV. Davg/Davg | (5a)
The uncertainty for calculated flows was then 
calculated with help of Equation (5a) for each event.
On the other hand, the difference (delQ) between 
displayed and calculated values for the flow is listed in 
the summary, including the error associated within the 
calculated values (error, %) . This error is largest for 
Event 8 when all gates were open. This event is preceded by 
the fact that gate to Flume 2 was closed. The manipulation 
of the gate produced non-uniformity in the water behavior 
forming surges and waves in the flume which should be 
avoided to correctly measure the depths at Ha. Also, this 
indicates that when using all flumes the flow would be 
distributed more evenly and the possibility of inaccuracies 
reduced if the lapse of time allowed for the water surges to 
damp out is longer.
A simplified and conservative statistical analysis was 
used for the determination of the significant error. The 
significant error was compared to the standard deviations 
from the displayed flows (STD.DEV.Qavg) and uncertainties 
for the calculated flows (STD.DEV.Qcalc). This error is 
considered significant if the absolute value of the flow
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SUMMARY OF AVERAGE RECORDED AND CALCULATED
VALUES FOR PARSHALL FLUME 1
Legends:
Qavg :Avg. displayed flow (MGD)
STD.DEV.Qavg: Standard deviation or avg. displayed flow (MGD) 
Qcalc : Calculated flow (MGD)
STD.DEV.Qcalc: Uncertainty of calculated flow (MGD) 
delQ : Calculated flow minus avg. displayed flow (MGD) 




















1 18.01 0.37 1.405 17.69 0.86 -0.32 -1.86$ NO
18.16 0.48 1.422 18.03 0.51 -0.19 -1.06$ NO
j 18.24 0.31 1.432 18.22 0.27 -0.01 -0.08$ NO
4 18.19 0.28 1.431 18.19 0.28 0.01 0.04$ NO
5 18.14 0.19 1.426 18.10 0.28 -0.04 -0.24$ NO
6 18.18 0.21 1.426 18.10 0.26 -0.09 -0.52$ NO
7 26.30 1.00 1.801 26.14 1.01 -0.11 -0.43$ NO
8 18.79 0.49 1.471 19.00 0.28 0.22 1.17$ NO
9 2.78 0.08 0.435 2.78 0.07 0.00 -0.14$ NO
10 19.03 0.27 1.470 18.99 0.29 -0.04 -0.22$ NO
11 25.55 0.51 1.767 25.39 0.39 -0.15 -0.60$ NO
12 19.07 0.43 1.475 19.10 0.43 0.02 0.10$ NO
13 17.90 0.34 1.414 17.87 0.31 -0.03 -0.19$ NO
Note: for significant error:
if abs(delQ) < largest of either abs(STD.DEV.), then NO 
if abs(delQ) > largest of either abs(STD.DEV.), then YES
Table 5. Recorded and calculated flows from the shack
for Parshall Flume 1 at high flow.
73
difference (abs(delQ)) is larger than the largest value of 
either of the mentioned deviations; otherwise, this becomes 
an insignificant error.
Observing the outcome of the events in this experiment 
for Flume 1, the significant error column is marked by NO, 
which means that the differences between displayed flows and 
calculated flows are small and within experimental error.
Parshall Flume 2. The water distribution in Flume 2 is 
very non-uniform. Surges and waves form along the channel 
section, principally in the approach section, in part due to 
the existence of a composite water sampler that somehow 
hinders the smooth flow of water to the converging section. 
The turbulence increases as the flow increases.
Water depth measurements in the converging section (at 
Ha) were converted directly into flow. At the time the 
experiment was run, the flow indicator in the shack adjacent 
to Flume 2 displayed only flows in (MGD) but not depths (see 
Table 6) . For this reason, calculated flows and their 
standard deviations are not included. Analysis of height to 
flow conversions errors could not be made in this case.
Standard deviations for average displayed flows 
(STD.DEV.Qavg) calculated with Equation (2) are displayed in 
the table.
In Event 7, where gate to Flume 2 was closed, some flow
was still detected by the ultrasonic sensor. This flow
should have been a zero-flow, assuming that the flume was
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SUMMARY OF AVERAGE METER RECORDED
VALUES FOR PARSHALL FLUME 2
Legends:
Qavg : Avg. displayed flow (MGD)



















Table 6. Recorded flows from the shack for Parshall 
Flume 2 at high flow.
completely empty, which was not the real case.
Parshall Flume 3. The flow behavior in Flume 3 is very 
non-uniform during high flow. Surges are formed well before 
the flow reaches the converging section, due to the uneven 
distribution of water from the diverting section to both 
Flumes 3 and 4. In this flume, depth to flow conversions
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seem to be very accurate, when compared to the calculated 
flow (Qcalc, Equation (3)) . This does not represent though, 
that the flow is correctly measured when compared to the 
SCADA readings.
Standard deviations for each event of the displayed 
flows (STD.DEV.Qavg) were calculated with Equation (2) and 
are included in Table 7. Uncertainties for calculated flows 
(STD.DEV.Qcalc) were calculated using Equation (5a) for each 
event.
The difference of flow (delQ) between displayed and 
calculated values is listed in Table 7, including the error 
associated within the calculated values (error, %) . The 
largest positive error appears when all gates are open 
(Event 6). This error may be caused by the flow reaching 
high peak, and the increasing turbulence which makes 
difficult for the signal to be caught by the sensor and get 
rapidly converted into flow. This error tough, compared to 
the digitization error is insignificant.
The largest negative error appears when gates to Flumes 
3 and 4 are closed (Event 11, see Table 7). For 
Parshall Flume 3, this event should have displayed a zero 
flow condition, but the flume was not completely empty and 
vary small depths at Ha were still displayed. Nonetheless, 
comparing the flow difference of this event with the 
corresponding standard deviations, it is observed that the 
error is irrelevant.
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SUMMARY OF AVERAGE RECORDED AND CALCULATED
VALUES FOR PARSHALL FLUME 3
Legends:
Qavg : Avg. displayed flow (MGD)
STD.DEV .Qavg: Standard deviation of avg. displayed flow (MGD) 
Qcalc : Calculated flow (MGD)
STD.DEV.Qcalc: Uncertainty of calculated flow (MGD) 
delQ : Calculated flow minus avg. displayed flow (MGD) 




















I 10.17 0.11 1.19 10.16 0.12 -0.01 -0.06% NO
2 10.21 0.08 1.19 10.18 0.12 -0.03 -0.32% NO
3 19.79 0.36 1.82 19.75 0.32 -0.08 -0.43% NO
4 10.01 0.18 1.17 9.95 0.17 -0.07 -0.70% NO
5 0.36 0.03 0.14 0.35 0.03 0.00 -0.26% NO
6 10.42 0.11 1.21 10.43 0.07 0.01 0.10% NO
7 12.70 0.26 1.37 12.71 0.26 0.01 0.04% NO
8 10.67 0.09 1.22 10.63 0.08 -0.03 -0.31% NO
9 12.22 0.11 1.34 12.21 0.12 -0.02 -0.16% NO
10 10.62 0.10 1.22 10.60 0.09 -0.02 -0.23% NO
11 0.58 0.07 0.1,9 0.57 0.07 -0.01 -1.22% NO
12 10.82 0.11 1.24 10.79 0.10 -0.03 -0.24% NO
13 10.59 0.08 1.22 10.57 0.08 -0.03 -0.25% NO
Note: for significant error
if abs(deiQ) < largest of either abs(STD.DEV.), then NO 
if abs(delQ) > largest of either abs( STD.DEV.), then YES
Table 7. Recorded and calculated flows from the shack
for Parshall Flume 3 at high flow.
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As in Flume 1, the significant error was compared to 
the standard deviations for the displayed flows and the 
uncertainties for the calculated flows. The results are
shown in the column of significant error. In all events it 
is marked by NO, meaning that the differences between 
displayed flows and calculated flows are within experimental 
error.
Parshall Flume 4. The flow pattern in Flume 4 is 
similar to the one in Flume 3. The flow approaching the 
converging section is very turbulent at high flow conditions 
producing surges and waves that flow along the converging 
section. The water surface profile is not level at the 
entrance of the throat section. The flow lines ar not 
parallel to the walls of the throat.
Data for Flume 4 is summarized in Table 8, where 
displayed (Qavg) and calculated values (Qcalc, Equation (3)) 
are compared. The standard deviation for the flow displayed 
values (STD.DEV.Qavg) was determined by Equation (2). The 
uncertainty for the calculated flow (STD.DEV.Qcalc) was 
determined using Equation (5a). When both columns are 
compared with the column of the flow difference, it is 
observed that there is no significant error, and that the 
values are within experimental error.
Positive error (error, %) within the calculated values 
seems to be largest in the case of gates to Flumes 3 and 4 
being shut down. This is to be compared with the largest
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SUMMARY OF AVERAGE RECORDED AND CALCULATED
VALUES FOR PARSHALL FLUME 4
Legends:
Qavg : Avg. displayed flow (MGD)
STD~.DEV.Qavg: Standard deviation of avg. displayed flow (MGD) 
Qcalc : Calculated flow (MGD)
STD.DEV.Qcalc: Uncertainty of calculated flow (MGD) 
delQ : Calculated flow minus avg. displayed flow (MGD) 




















1 10.49 0.16 1.211 10.47 0.15 -0.02 -0.16% NO
2 10.50 0.13 1.214 10.51 0.12 0.01 0.10% NO
3 0.37 0.02 0.143 0.37 0.02 0.00 -0.74% NO
4 10.71 0.18 1.228 10.70 0.19 -0.01 -0.08% NO
5 19.77 0.18 1.817 19.76 0.15 -0.01 -0.05% NO
6 10.38 0.12 1.205 10.38 0.11 0.00 0.04% NO
7 12.67 0.29 1.366 12.64 0.28 -0.03 -0.21% NO
8 10.76 0.14 1.231 10.73 0.10 -0.02 -0.23% NO
9 12.22 0.12 1.335 12.19 0.13 -0.03 -0.21 % NO
10 10.77 0.10 1.232 10.75 0.10 -0.02 -0.21% NO
11 0.50 0.06 0.175 0.50 0.06 0.00 0.18% NO
12 10.94 0.14 1.243 10.90 0.14 -0.04 -0.34% NO
13 10.69 0.18 1.230 10.72 0.09 0.03 0.29% NO
Note: for significant error:
if abs(delQ) < largest of either abs(STD.DEV.), then NO 
if abs(delQ) > largest of either abs(STD.DEV.), then YES
Table 8. Recorded and calculated flows from the shack
for Parshall Flume 4 at high flow.
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negative error in Flume 3 encountered for the same event 
(Event 11). The largest negative error is found when the 
gate to Flume 4 is closed (Event 3). This error turns to be 
the smallest when compared to all positive errors calculated 
for Flume 4. The nature of this error goes back to the
situation that the flume was almost empty when the gate was
shut down and very small depths at Ha were indicated. When 
comparing the flow difference with both the standard 
deviation and the uncertainty, one can observe that for all
events there is no significant error, and that the error is
within the experimental boundaries.
Results from SCADA system.
A. Within-sample errors. The readings from the SCADA 
system are summarized in Table 9. The flow was added up to 
give the influent total flow (Totlnf) that flows through all 
four flumes. For each event, these total flows were 
averaged (AVG.Totlnf) in order to calculate the standard and 
the within event percent deviation.
The largest percent deviation is observed for Events 8 
and 12; in both cases all gates to the flumes were open. It 
takes long for the flow to damp out when one or two gates 
are being raised or lowered. In some cases the time to 
damp out the gate transient was longer if the flow increased 
during the gate change.
Summarizing the results for each Parshall flume, it can 
be said that standard deviations for average displayed flows
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(STD.DEV.Qavg) , resulting mostly from short term variability 
of the water surface, range between 0.02 to 1.00 MGD, which 
represent a small relative error.
The uncertainties of calculated flows (STD.DEV.Qcalc) 
for Flumes 1, 3, and 4, varied from 0.02 to 1.01 MGD, which 
represent short term variability of the water surface, and 
again represent a very small error percentage.
The standard deviations obtained from recorded data in 
SCADA display 0.00 to 0.72 MGD deviations, which then turn 
into relative errors between 0% to 1.19%.
In conclusion, the whole point of doing this analysis 
of the different standard deviations and errors, is to show 
that the within-event instrumentation errors are small, and 
that they do no affect the accuracy of the measurements.
B. Errors between flume displays and SCADA system. The 
comparison of flows between average meter recordings and 
SCADA readings is given in Table 10. The SCADA readings are 
taken as reference. The average total flow from the meters 
(TotQavg) is most of the time less than the SCADA average 
total flow (Totlnf).
The standard deviation for the average total flow 
recorded by the SCADA (STD.DEV.Totlnf) was computed using 
Equation (2).
The uncertainty for the average total flow 
(STD.DEV.TotQavg) recorded at the flume display meters has 
to be calculated taking in account the flow passing through
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SUMMARY OF STATISTICS FOR SCADA READINGS AT AVG. TIMES 
EXPERIMENT # 1 ALL PARSHALL FLUMES
EVENT AVG.TIME AVG. STD.DEV AVG. + AVG.- PERC.
FRACTION Totlnf STD.DEV STD.DEV DEV.
(HRS) (MGD) (MGD) (MGD) (MGD) %
1 11.317 55.80 0.00 55.80 55.80 0.00%
2 11.475 55.80 0.00 55.80 55.80 0.00%
3 11.677 55.02 0.38 55.40 54.64 0.69%
4 11.875 56.52 0.46 56.98 56.06 0.81%
5 12.059 55.27 0.35 55.62 54.92 0.63%
6 12.241 56.47 0.38 56.84 56.09 0.67%
7 12.511 51.58 0.48 52.06 51.09 0.93%
8 12.740 60.86 0.72 61.58 60.14 1.18%
9 12.930 52.10 0.30 52.40 51.80 0.58%
10 13.129 60.70 0.00 60.70 60.70 0.00%
11 13.368 50.69 0.44 51.13 50.26 0.86%
12 13.581 60.33 0.72 61.04 59.61 1.19%
13 13.759 57.66 0.27 57.92 57.39 0.46%
Table 9. Summary of statistics for SCADA readings at
high flow conditions.
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each flume, and the standard deviations from the displayed 
flows for each flume (STD.DEV.Qavg). The following 
relationship may help to understand how this uncertainty 
(STD.DEV.TotQavg) is determined:
f=a+b+c+d
r) "F-r— = x i = a , b ,  c ,  c?=l d x i
df=V £  {wi)2
where
f = TotQavg = £ Qavgi; with i = flume number
EQavg = Qavgx + Qavg2 + Qavg3 + Qavg4
wA = sdi = standard deviation in each flume
Finally,
d(T,Qavg) (sdi) 2 (6)
where d(EQavg) = (STD.DEV.TotQavg) uncertainty for the
total flow recorded by the meters 
In the column labelled error (%) which represents the
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within-event error between the SCADA and the meter readings, 
largest errors are encountered in Events 8 and 10, when all 
gates were open. The reason for these errors may be that 
preceding these events gates to Flumes 1 and 2 were closed. 
Event 7, when gate to Flume 2 was closed, has the largest 
negative error. This could indicate that Flume 1 is not 
metering flows accurately due to the flow fluctuation right 
after the gate to Flume 2 was closed. The gate manipulation 
leads to a change in the water behavior and distribution 
across all flumes, mainly in Flumes 3 and 4 at the diverging 
section.
The importance of the significant error column, when 
comparing results obtained from the meters and the SCADA 
system, is to compare the difference between meter-summed 
flow and average, SCADA-summed flow to the uncertainties of 
each summed flow. When there is a significant error (YES), 
it means that accuracy of the conversion of meter readings 
to SCADA information may be questionable. The values range 
between -1.61 MGD and 1.46 MGD, which display -3.13% to 
2.40% error. In all cases, however, the delQ values were 
small compared to the total flow and were within 
experimental uncertainty.
Figures 15, 16, and 17 illustrate data recorded by the 
SCADA system, and the standard and percent deviations that 
correspond to the calculation of statistics.
84
SUMMARY OF TOTAL AVERAGE METER RECORDED VALUES 
AND SCADA RECORDED VALUES
EXPERIMENT # 1 - ALL PARSHALL FLUMES
Legends:
TotQavg : Avg. total flow recorded by meters (MGD)
STD.DEV.TotQavg: Uncertainty of total avg. displayed flow (MGD)
Totlnf : Avg. total flow recorded by SCADA (MGD)
STD.DEV.Totlnf: Standard deviation of total flow recorded by SCADA (MGD) 
delQ : SCADA reading - meter reading = Totlnf - TotQavg (MGD) 


















1 55.23 0.51 55.80 0.00 0.57 1.02% YES
2 55.82 0.62 55.80 0.00 -0.02 -0.04% NO
3 55.31 0.53 55.02 0.38 -0.29 -0.52% NO
4 55.70 0.49 56.52 0.46 0.82 1.44% YES
5 55.13 0.35 55.27 0.35 0.14 0.25% NO
6 55.68 0.36 56.47 0.38 0.79 1.39% YES
7 53.19 1.10 51.58 0.48 -1.61 -3.13% YES
8 59.40 0.64 60.86 0.72 1.46 2.40% YES
9 51.70 0.48 52.10 0.30 0.40 0.77% NO
10 59.56 0.47 60.70 0.00 1.14 1.88% YES
11 50.87 0.76 50.69 0.44 -0.18 -0.35% NO
12 59.96 0.61 60.33 0.72 0.37 0.61% NO
13 56.80 0.49 57.66 0.27 0.86 1.49% YES
Note: for significant error:
if abs(delQ) < largest of either abs(STD.DEV.), then NO 
if abs(delQ) > largest of either abs(STD.DEV.), then YES
Table 10. Summary of meters and SCADA data
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Figure 18. Comparison of flow between meters and SCADA
at high flow conditions.
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Observe in Figure 18 that the SCADA system displays 
slightly higher flows than the readings from the flume 
display meters. However, the SCADA values track the dial 
meter values very well. Table 10a analyzes further the 
nature of the results obtained from the meters. It is 
known, that when a gate is closed, no flow should pass 
through the corresponding flume, and the flume should be 
dry. However, standing water remained in each flume 
following gate closure, giving a false reading of flow. 
Corrections were applied to the total flow (CORR.TotQavg) to 
subtract out the false reading. The next step was to 
express the amount of flow passing through each flume as a 
percentage of the maximum free-flow capacities of the 
flumes. These maximum rates (sec-ft), listed in Figure 3, 
are a function of the throat width (W), and are converted to 
flow rates in MGD for the analysis.
The percent deviation (delQ/Q) for each gate 
manipulation event was calculated by comparing it to the 
average of the flow rates of the control events before and 
after the studied event. Percent deviations were determined 
in those cases where one or two gates were closed, and the 
flow decreased. Notice that when gate 2 was closed (Event 
7), the absolute value of the percent deviation increased. 
The largest deviation is observed when gate to Flume 1 was 
closed (Event 9). In Event 11, when gates to Flumes 3 and 
4 were closed, the deviation reached -16.7%, indicating that
EXPERIMENT # 1 HIGH FLOW CONDITIONS
Legends:
Qavg : Avg. flow measured by meters (MGD) 
TotQavg: Avg. total flow recorded by meters (MGD) 














1 18.01 16.56 10.17 10.49 55.23 55.23
2 18.16 16.95 10.21 10.50 55.82 55.82
3 18.24 16.91 19.79 0.37 55.31 54.94
4 18.19 16.79 10.01 10.71 55.70 55.70
5 18.14 16.86 0.36 19.77 55.13 54.77
6 18.18 16.70 10.42 10.38 55.68 55.68
7 26.30 1.52 12.70 12.67 53.19 51.67
8 18.79 19.18 10.67 10.76 59.40 59.40
9 2.78 24.48 12.22 12.22 51.70 48.92
10 19.03 19.14 10.62 10.77 59.56 59.56
11 25.55 24.24 0.58 0.50 50.87 49.79
12 19.07 19.13 10.82 10.94 59.96 59.96
13 17.90 17.62 10.59 10.69 56.80 56.80
PERCENT OF MAXIMUM RATING
MAX.RATE 44.1 44.1 32.8 32.8 (MGD)
W 4 4 3 3 (FT) Throat width
CORR. PERC.DEV.
EVENT Qavgl Qavg2 Qavg3 Qavg4 TotQavg delQ/Q
(% ) (% ) (%>) (%) (MGD) (%,)
1 419? 3891 319? 3291 55.23
2 41 9? 3891 3191 3291 55.82
3 4191 3891 6091 191 54.94 -1.5%
4 4191 389? 3191 3391 55.7
5 4191 3891 191 6091 54.77 -1.7%
6 4191 3891 3291 3291 55.68
7 6091 391 3991 39% 51.67 -10.2%
8 4391 4391 339? 33% 59.4
9 691 5691 3791 31% 48.92 -17.8%
10 4391 4391 3291 33% 59.56
11 5891 5591 291 2% 49.79 -16.7%
12 4391 4391 3395 33% 59.96
13 419? 4091 3291 33% 56.8
Table 10a. Corrected flows in SCADA and percent of 
maximum rating flows at high flow conditions.
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the flow was more sensitive to manipulation of both gates 3 
and 4, than when gate 2 was closed.
In conclusion, manipulation of gates has a significant 
impact on measured flow, and hence on the flow behavior. As 
covered in Chapter 3, observations of flow behavior indicate 
a laterally sloped water surface and significant turbulence 
at the Ha measurement point of Flume 2. Also, turbulence 
increased in the distribution section to Flumes 3 and 4 as 
flows went up. The ultrasonic head meters can not "catch" 
the correct signal when the water surface profile is not 
level, affecting the accuracy of the measurements. Flows 
recorded under these circumstances will be underestimated.
4.3 Experiment # 2
The purpose of this experiment was to analyze if 
manipulation of gates to the flumes affected flow 
measurement accuracy at low flows. Another aspect of this 
experiment was to see if the flow pattern inside the flumes 
influenced the accuracy of flow recordings.
Gate manipulations were made to see how the flow 
changes under low flow conditions, data were collected by 
the SCADA system for all 15 events starting from Event 21 
and finishing with Event 35. A summary of average values 
for flow, time, standard deviation, and percent deviation is 
shown in Table 11. Standard deviations were calculated 
using Equation (2) for each event.
Parshall Flume 1. For a few events, data was taken
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from the ultrasonic head meter recorder in the shelter close 
to the flume, and at the same time SCADA data was collected 
in the operations building.
Parshall Flume 2. Flows are displayed by the flow 
recorder located in the shelter close to Parshall Flume 2. 
Only flow readings were available during this experiment. 
This hinders a more detailed analysis of the particularities 
of this flume, mainly when the conversion from depth to flow 
needs to be addressed, and compared to the data displayed in 
the SCADA system. For Flume 2, only a couple of readings 
were taken, due to the fact that only one person was taking 
readings from the ultrasonic head indicators for both Flume 
1 and 2. Since low flow behavior was abnormal in Flume 1, 
it was decided to take readings from Flume 1 instead of 
Flume 2. Data were also recorded by the SCADA system for 
Flume 2 in the operations building.
Parshall Flumes 3 and 4. Most of the time, readings 
were taken by one individual from the meter recorders 
located close to the flumes. The bulk of the non-SCADA data 
was recorded for Flumes 3 and 4 in this experiment, because 
the water behavior across both flume channels was very 
turbulent.
Observing the values of average flows in each event 
(Table 11), one can notice that the flow increased rapidly 
in Event 22, when all gates to the flumes were open. The 
reason for this result could be that a morning surge was
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coming into the plant. After Event 22, the flow started to 
decrease; during Events 23-26 the flow was almost constant 
(very small changes) until Event 27 (gates 1 and 2 closed), 
where a decrease in flow was detected. In Event 29, where 
gates to Flumes 3 and 4 were closed, the largest flow 
decrease is observed. Small flow changes are observed when 
gates 3 or 4 were closed.
The largest standard deviation is noticed in Event 28, 
when all gates were open. The cause of this deviation could 
be that the opening of gates to Flumes 1 and 2, which were 
closed in the preceding event, took more time for the flow 
to even out and dissipate turbulence and surges. Almost the 
same situation happened in Event 30, after gates 3 and 4 
were opened.
The manipulation of gate to Flume 3 (Event 31) displays 
a large standard deviation. It can be said that closing the 
gate to Flume 3 has more impact on the flow fluctuation than 
closing the gate to Flume 4. The flow is also very 
sensitive when gates to Flumes 3 and 4 are being closed.
Figures 19, 20, and 21 show the flow rate, the standard 
deviation, and the percent deviation for the SCADA readings 
under low flow conditions.
Figure 19 shows that flow decreased during the course 
of the experiment. Event 29 shows that a large decrease in 
the flow measured occurred when gates to Flumes 3 and 4 were 
shut down. This occurred between 5:10 and 5:15 in the
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SUMMARY STATISTICS FOR SCADA READINGS AT AVG. TIMES 
EXPERIMENT # 2 ALL PARSHALL FLUMES
EVENT AVG.TIME AVG. STD.DEV. A V G .+ AVG.- PCT.DEV
FRACTION Qtot STD.DEV STD.DEV
(HRS) (MGD) (MGD) (MGD) (MGD) %
21 3.492 30.30 0.000 30.30 30.30 0.00%
22 3.658 32.50 0.000 32.50 32.50 0.00%
23 3.875 28.90 0.000 28.90 28.90 0.00%
24 4.075 28.92 0.186 29.10 28.73 0.64%
25 4.308 28.45 0.496 28.95 27.95 1.74%
26 4.508 28.25 0.320 28.57 27.93 1.13%
27 4.758 26.08 0.203 26.29 25.88 0.78%
28 5.008 28.65 0.946 29.60 27.70 3.30%
29 5.208 23.38 0.463 23.85 22.92 1.98%
30 5.442 26.77 0.687 27.45 26.08 2.57%
31 5.642 26.52 0.882 27.40 25.63 3.33%
32 5.808 27.90 0.632 28.53 27.27 2.27%
33 5.992 25.37 0.471 25.84 24.90 1.86%
34 6.158 26.00 0.000 26.00 26.00 0.00%
35 6.325 26.40 0.000 26.40 26.40 0.00%
Table 11. Summary of statistics for SCADA readings 
at low flow conditions.
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morning. This case shows how sensitive was the flow 
behavior in Flumes 1 and 2, while 3 and 4 were closed.
Figure 2 0 shows the highest standard deviation in Event 
31, when gate to Flume 3 was closed. Also higher standard 
deviations are shown for Events 28 and 30, when all gates 
were open, right after gates 1 and 2, and gates 3 and 4 were 
closed, respectively. The flow increases in these events, 
showing that the water did not damp out completely for a 
while.
Figure 21 shows the percent deviation having a similar 
pattern of variation as Figure 20.
Figures 22 through 25 illustrate the comparison of 
readings gathered from the ultrasonic head meters and the 
SCADA system. Figure 25a shows the influent flow recorded 
by the SCADA system in each event.
One can conclude that, with the exception of the small 
data set for Flume 2, the data displayed by the SCADA 
accurately tracked the ultrasonic head readings. SCADA data 
lag meter data, because the SCADA system receives the signal 
through an RTU (which damps short term signal fluctuations), 
as discussed in Chapter 2 (see also Figure 3a).
Influent wastewater flows are not being measured 
accurately in Flume 1 under low flow conditions, because of 
the existence of a hydraulic jump in the flume throat 
section. This impedes the normal condition of flow behavior 
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Figure 22. Comparison of flow between meters and SCADA 
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Figure 24. Comparison of flow between meters and SCADA
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Figure 25a. Summed SCADA flows for Experiment # 2 events
(low flow conditions).
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surges. As found out during Experiment # 3, the hydraulic 
jump in Flume 1 remains in the throat section, during low 
flow in the early morning hours, and gets swept out latter 
in the morning (between 8:00 am and 9:00 am).
The flow pattern across Flumes 3 and 4 is very non- 
uniform in the early morning hours. The diverter 
distributes the flow unevenly, producing reverse flow back 
water and turbulence before reaching the approach section of 
each channel.
After comparing Experiments # 1 and #2 (Figures 15, 18, 
19, and 25a), one can conclude that at high flow and low 
flow conditions, the flow tends to decrease mainly when 
gates 3 and 4 are closed. This is an indication that both 
Flumes 1 and 2 are underestimating the flow.
As in Experiment # 1, the total flows summed over the 
four Parshall flumes need to be corrected, because when a 
gate is closed, no flow should be displayed for that 
particular flume. Since SCADA data were gathered for the 
whole duration of this experiment, these values were used 
for the corrections.
The flow recorded in each flume by the SCADA are 
summarized in Table 11a. The average total flows (Totlnf) 
from the SCADA, and the corrected values (CORR.Totlnf) are 
also listed in that table. Table lib lists the percentages 
of the maximum free-flow ratings that were accumulated in 
each flume during the experiment. The maximum rates (MAX.R)
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are taken from Figure 3, and converted in MGD. The percent 
deviations (delQ/Q) were calculated for those events in 
which a flow decrease was detected, that means when one or 
two gates were closed. These deviations are determined 
using the average flow of the events before and after the 
one of interest.
Notice that the deviation of Event 23, when gate 1 is 
closed, is larger than the one of Event 25, when gate 2 is 
closed, a similar pattern observed in Experiment # 1 (see 
Table 10a). The largest percent deviation is displayed by 
Event 29 (gates 3 and 4 closed) , followed by Event 27 (gates 
1 and 2 closed).
When the case of gates 3 and 4 being closed is compared 
to its parallel from Experiment # 1, one can notice that the 
manipulation of gates has more impact under low flow, than 
at high flow conditions.
On the other hand, the manipulation of gate 1 reveals 
a bigger influence in the flow measurement under high flow, 
than at low flow conditions. Manipulation of gate 2 does 
not affect the flow measurement as much as manipulation of 
gate 1 under both flow conditions. Manipulation of gates 3 
or 4 manifests small deviations in both experiments.
EXPERIMENT # 2 LOW FLOW CONDITIONS
AVG. FLOWS RECORDED BY SCADA IN EACH FLUME
Legends:
In f# : Avg. flow in flume (MGD)
Totlnf: Avg. total recorded by SCADA (MGD)














21 8.4 8.5 6.5 6.9 30.3 30.3
22 9.0 9.0 7.0 7.5 32.5 32.5
23 2.3 10.1 8.3 8.2 28.9 26.6
24 7.3 7.9 6.6 7.1 28.9 28.9
25 10.2 1.7 8.1 8.5 28.5 26.8
26 7.6 7.7 6.2 6.8 28.3 28.3
27 o n 1.2 11.2 11.6 26.2 22.8
28 7.7 7.8 6.3 6.9 28.7 28.7
29 10.9 10.7 0.7 1.0 23.3 21.6
30 7.5 8.0 5.6 5.7 26.8 26.8
31 7.4 7.6 0.4 11.2 26.6 26.2
32 7.7 7.6 6.4 6.2 27.9 27.9
33 7.2 7.4 10.8 0.0 25.4 25.4
34 7.3 7.3 6.0 5.4 26.0 26.0
35 7.4 7.5 5.7 5.8 26.4 26.4
Table 11a. Corrected flows in SCADA at
low flow conditions.
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EXPERIMENT # 2 LOW FLOW CONDITIONS 


















(%) (%) (%) (%) (MGD) (%)
21 199? 19951 209? 219? 30.3
22 2091 209? 219? 239? 32.5
23 59? 239? 259? 259? 26.6 -13.4%
24 17 9? 189? 209? 229? 28.9
25 239? 49? 259? 269? 26.8 -6.39?
26 179? 179? 199? 219? 28.3
27 59? 39? 349? 359? 22.8 -20.0%
28 179? 189? 199? 219? 28.7
29 259? 249? 29? 395 21.6 -22.2%
30 179? 189? 179? 179? 26.8
31 179? 179? 19? 349? 26.2 -4.29?
32 179? 179? 209? 1995 27.9
33 169? 179? 339? 09? 25.4 -5.89?
34 179? 179? 189? 1695 26.0
35 179? 179? 179? 1895 26.4
Table lib. Percent of maximum rating flows
at low flow conditions.
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4 .4 Experiment # 3
Flow measurements. Continuous monitoring of Flume 1 
with a portable ISCO ultrasonic height gauge shows that the 
problem recurs every night at low flow. The jump moves up 
into the throat approximately between 1:00 am and 8:00 am. 
The jump is swept out about 8:30 am each morning (see 
Pictures 1-4) . At high flow, the curved water surface 
profile in the jump does not return a clean signal to the 
ultrasonic sensor head. One must therefore resort to manual 
measurements of Hb "at the site" to obtain the data needed 
to correct flows calculated from Ha readings. The hydraulic 
jump interferes with Hb measurements at low flow because it 
moves forward into the throat and occupies the position at 
Hb (Figure 26) . The resulting turbulent interface makes it 
hard to measure height accurately with the manual 
stickmeter. The water surface fluctuates rapidly 1-2" in 
height at the turbulent interface.
Although the flow recorder at Ha is accurately 
converting ultrasonically measured depths into flows, the 
submerged condition modifies the water surface profile at 
Ha, altering the 1:1 relationship between depth and flow 
that exists when the jump is not submerged. When the jump 
is submerged, measured flow depths at Ha do not accurately 
correspond to actual flow in the flume. To correct the 
problem, one can either adjust the tailwater height or try 
to measure the depth at the jump, Hb, and use diagrams or
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tables to correct the flow calculated at Ha. Flow error 
seems to be highest at low flow and decreases as flow 
increases.
Measurements of depths of the channel floor of the 
converging section, at the end of the throat section, and at 
Hb (22" from the converging section and inside the throat) 
were made (see Figure 6) . The depth at the end of the 
throat section was 8.25", and the depth of N' was 7.75".
A survey of the slope of Parshall Flume 1 was also 
necessary to observe if there was slight tilting in the 
construction the flume.
Abt, Thompson, and Staker (1989) performed studies 
regarding longitudinal settlement of Parshall flumes. The 
study results indicate that the Parshall flume accuracy is 
slope-dependent. The inaccuracy reached 32% at longitudinal 
slopes of ± 10%.
Rating corrections for lateral settlement of Parshall 
flumes were studied by Abt and Staker (1990), showing that 
flume accuracy is in error approximately 7% at a lateral 
slope of ± 10%, and that flow measurements require a 0.75% 
adjustment for each 1% of lateral settlement at the flume 
crest.
Although these studies are very detailed, only small 
Parshall flumes of 3-in. throat section width were 
investigated, leaving us with unknown settlement 
inaccuracies for larger flumes. Nonetheless, it was decided
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to pursue leveling information, in case any flume in this 
study suffered from severe slope defects.
Leveling checks at two different points in Flume 1 were 
made, having one of them as the reference level. It was 
found out that the flume was slightly sloped downward. The 
depth encountered for the flume slope (S) was 0.130", which 
was taken into account for the calculation of Hb (Equation 
(1)) -
Flow observations. It was observed during Experiment 
# 2 that high tailwater from the Plant 1 causes the Flume 1 
hydraulic jump to move up into the throat section at low 
flow (<9 MGD), resulting in a increasing submergence ratio.
Corrections are needed for submergence ratios ranging 
from 70% to 96% for Parshall flumes 1 to 8 feet wide (Water 
Measurement Manual, 1984). During Experiment # 3, the
submergence ratios were all below 70%, and no corrections 
were needed (Figure 28).
The flow results for Experiment # 3 are summarized in 
Table 12, where average values for Ha, flow displayed for Ha 
location, values for Hb (calculated), and submergence ratios 
Ha/Hb are displayed. Very small values for Hb were obtained 
due to corrections already mentioned.
Figure 26 and Pictures 1 - 4  show clearly the flow 
behavior in Flume 1. The flow pattern is described either 
by stream lines, arrows, or text.
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EXPERIMENT # 3 - PARSHALL FLUME 1 
SUMMARY OF AVG. VALUES @ AVG. TIMES










1 6.713 0.714 0.147 20.66%
2 7.108 0.75 0.121 16.12%
3 8.058 0.838 7.90 0.096 11.41%
4 8.658 0.994 10.30 -0.130 -10.75%
5 9.142 1.143 12.76 0.050 4.15%
6 9.725 1.213 14.06 0.121 9.90%
7 9.908 1.222 14.27 0.128 10.47%
8 10.425 1.240 14.52 0.145 11.71%
9 10.967 1.238 14.56 0.131 10.54%
Table 12. Parshall Flume 1 results.
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Figure 26. Flow behavior in Parshall Flume 1.
Picture 1. Flow behavior in throat section of 
Parshall Flume 1 at 6:30 am.
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Picture 2. Flow behavior at exit of 
Parshall Flume 1 at 7:00 am.
Picture 3. Flow behavior in throat section of 
Parshall Flume 1 at 9:00 am.
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Picture 4. Flow behavior at exit of 
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Figure 29. Submergence in Parshall Flume 1 
for each event.
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One can observe in Figure 27 that the flow increases as 
the time increases. Figure 28 shows the submergence ratio 
Hb/Ha for each event as a function of flow. As the flow 
increases the submergence ratio also increases until the 
daily high peak is reached, with exemption of one event 
(Event 4) in which the hydraulic jump was swept out of the 
throat section. For high peak flows the submergence ratio 
starts to decrease. Figure 29 shows the submergence ratios 
displayed in each event.
4.5 Experiment # 4
Flow measurements. At Flume 2, continuous measurements 
of the height at Hb were not possible using an ultrasonic 
head, because the water surface profile at Hb location was 
inclined and made the return of a usable signal impossible. 
Therefore manual gauge measurements were performed at this 
location. The standing wave made measurement at Hb very 
difficult.
Measurements of Flume 2 dimensions at the exit of the 
throat section displayed a depth of 8.3 0", and a depth of 
7.7" at the location of Hb, known as N' . After leveling two 
different points at Flume 2, the resulting depth of the 
slope (S) was 0.0", indicating that this flume was level.
Flow observations. Water distribution in Flume 2 is 
very non-uniform (Figure 30, Pictures 5 and 6). Water 
enters the flume expansion at an angle. Flow sweeps cleanly
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along the east wall of the flume, but there is a significant 
reverse flow eddy along the west wall of the flume. In 
addition, the sweeping flow along the east wall sets up a 
standing wave in the converging section of the flume just 
ahead and to the east of the Ha measuring location. The 
standing wave increases the surface height on the east side 
of the flume by several inches. Viewing the water surface 
profile from upstream reveals that the water surface is not 
level as it flows into the converging section. These 
phenomena could contribute to the flow measurement error in 
a manner similar to what was observed by Abt and Staker 
(1990) for lateral settlement of Parshall flumes.
EXPERIMENT # 4 - PARSHALL FLUME 2 
SUMMARY OF AVG. VALUES @ AVG. TIMES
EVENT TIM EFRAX Ha Qavg Hb Hb/Ha
(HOURS') (FT) (MGD) (FT) %
1 6.292 0.724 6.22 -0.210 -29.06%
■> 6.558 0.723 6.29 -0.212 -29.32%
3 6.808 0.755 6.64 -0.172 -22.83%
4 7.108 0.774 6.95 -0.150 -19.40%
5 7.458 0.898 8.79 -0.072 -7.99%
6 7.792 0.891 8.66 -0.020 -2.31%
7 8.142 1.020 10.69 0.108 10.58%
S 8.475 1.049 11.16 0.119 11.37%
9 9.108 1.350 16.65 0.391 28.97%
10 9.775 1.345 16.53 0.436 32.44%
11 10.242 1.481 19.18 0.517 34.95%
12 10.692 1.477 19.16 0.484 32.80%
13 10.992 1.466 18.88 0.479 32.66%
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Figure 30. Flow behavior in Parshall Flume 2.
Picture 5. Flow behavior in throat section of 
Parshall Flume 2 at 7:00 am.
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Picture 6. Flow behavior at exit of 
Parshall Flume 2 at 7:00 am.
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Figure 31 shows the flow increasing with the time. 
Figure 32 illustrates the increase of submergence in 
relationship to the flow. Figure 33 shows the increase of 
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From the observations and results, it can be said that 
the hydraulic jump is always in the correct location (from 
the throat section, further downstream). Hb/Ha is less than 
70% (Table 13) and ranges approximately from -29% to 35% 
(see Figure 32).
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Figure 33. Submergence in Parshall Flume 2 
for each event.
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4.6 Experiment # 5
Flow measurements. At Flume 3, continuous measurement 
of the height data at Hb was not possible. The water 
surface profile at Hb was always curved, so an ultrasonic 
sensor mounted at Hb did not return a usable signal. For 
this reason, manual gauge measurements were performed at 
this location. Turbulence in the throat section and the 
standing wave made measurement at Hb very hard. In 
addition, some values calculated for Hb were negative which 
were product of human error and further correction for the 
depth of the slope in the flume (S = -0.02"), and the depth 
of the transition part (N'= 7.925") (Figure 6) .
The hydraulic jump in Flume 3 was always in the correct 
location. Hb/Ha was less than 70% for the entire range of 
flows studied. The submergence ratio was in the range of -
2 9% to 10% (see Table 14) and increased as the flow 
increased until high flow was reached (Figure 37). At 
peak flow (10 MGD) the ratio Hb/Ha remained still under 70% 
so that no correction for the flow was needed at this point 
of time. For an additional high flow data point, the gate 
to Flume 4 was closed, doubling the flow in Flume 3. It was 
observed that the ratio reached 21% and therefore no 
correction for submergence needed to be applied (not 
included in tables and figures).
Flow observations. The distribution of water in Flume
3 is very non-uniform (see Figure 35). The flow comes from
the splitter box through a long pipe (60" diameter) and then 
is conveyed into a short distribution section. This section 
should split the flow by 50% to each of the two flumes 
(Flumes 3 and 4) . The distribution section has a sharp edge 
(originally, a rounded corner) that should regulate the 
incoming water smoothly to each flume (see Pictures 7, 8, 
and 9) . Debris accumulates on the edge causing more 
disturbances to the flow. The sharp edge is insufficient to 
completely separate the flow into two streams as it exits 
the pipe. Some of the diverted stream hits the frame 
holding the gate and evens out before entering the 
converging section of the channel. The split flow hits the 
outside south wall of the channel and sets up a reverse eddy 
before reaching the gate (Figure 34) . The reverse eddy 
circulates a significant amount of water back towards the 
pipe exit. Reverse flow is re-entrained in the stream 
exiting the pipe. Turbulence and eddies are transported 
downstream into the flume. In the case of Flume 3, the flow 
is faster and sweeps cleanly along the north (inside) wall 
of the flume, and the water enters the flume expansion at an 
angle (see Pictures 10 and 11). Additionally, the sweeping 
flow at the north wall sets up a standing wave that is 
visible at the south wall of the flume just ahead of the Ha 
measuring head. The flow along the south wall is slower. 
Viewing the water surface profile from upstream reveals that 
the water surface is not level as it flows into the
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converging section. The standing wave increases the water 
surface height on the south side of the flume by a few 
inches. The best way to find out flow measurement error 
would be to correct the hydraulic anomalies, then repeat the 
flow measurements.
The data for Experiment # 5 are summarized in Table 14. 
Flow behavior in Flume 3 and the diverter are shown in 
Figures 34 to 38.
EXPERIMENT # 5 - PARSHALL FLUME 3 











1 6.300 0.753 5.00 -0.219 -29.13%
2 6.558 0.766 5.10 -0.211 -27.51%
3 7.058 0.755 5.57 -0.172 -22.78%
4 7.375 0.818 5.66 -0.140 -17.10%
5 7.708 0.863 6.18 -0.100 -11.58%
6 8.108 0.890 6.47 -0.095 -10.73%
7 8.825 1.200 8.04 0.017 1.69%
8 9.125 1.051 8.42 0.041 3.81%
9 9.458 1.075 8.70 0.072 6.73%
10 9.792 1.089 8.85 0.076 6.92%
11 10.208 1.128 9.40 0.108 9.56%
12 10.542 1.124 9.32 0.110 9.76%
13 10.875 1.128 9.40 0.109 9.64%
14 11.208 1.130 9.42 0.112 9.88%
Table 14. Parshall Flume 3 results.
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Picture 7. Diverter to Flumes 3 and 4 at 7:00 am.
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Picture 8. Flow behavior in diverter at 7:00 am.
Picture 9. Flow behavior in diverter 9:00 am.
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Figure 35. Flow behavior in Parshall Flume 3.
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picture 10. Flow behavior in throat section of
Parshall Flume 3 at 9:00 am.
Picture 11. Flow behavior at the entrance 
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Figure 38. Submergence in Parshall Flume 3 
for each event.
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4.7 Experiment # 6
Flow measurements. At Flume 4, continuous measurement 
of the height data at Hb was not possible. The water 
surface profile at Hb was always curved, so an ultrasonic 
sensor mounted at Hb did not return a usable signal. For 
this reason, manual gauge measurements were performed at 
this location. Turbulence in the throat section and the 
standing wave made measurement at Hb very arduous.
All of the values calculated for Hb were negative, 
which reflected the problems encountered when measuring 
under very turbulent conditions. Corrections for the depth 
of the slope in the flume (S) , and the depth of the 
transition part (N') contributed to negative values of Hb.
Results of measurements inside the throat section 
displayed a depth at the exit of the throat of 8.875", and 
a depth N' = 8.5" at Hb location. After leveling
measurements, it was found out that Flume 4 was tilted 0.02" 
downward (depth S).
The hydraulic jump in Flume 4 was always in the correct 
place (from the diverging section further downstream).
Hb/Ha was less than 70% at low flow and high flow 
conditions. (Figure 41). The submergence ratio ranged 
between -42% and -4% and did not dramatically increase as 
flow increased (Table 15) . When experimenting with opening 
and closing the gates, it was observed that when the flow 
from both flumes passed through Flume 4, the submergence
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ratio reached 33%. With this result, no correction for 
submergence was necessary. This event (17) is included in 
the summary of Table 15.
Flow observations. The distribution of water in Flume 
4 is also very non-uniform (see Figure 39). The flow comes 
from the splitter box through a long pipe (60" diameter) and 
then is conveyed into a distribution section. This 
diverting section should split the flow by 50% to each of 
the two flumes. The distribution section has a sharp edge 
(originally, a rounded corner) that should regulate the 
incoming water smoothly to each flume. Debris accumulates 
on the edge causing more disturbances to the flow. The 
sharp edge is insufficient to completely separate the flow 
into two streams as it exits the pipe. Some of the diverted 
stream hits the frame holding the gate and evens out before 
entering the approach and converging sections of the flume 
channel. The split flow hits the outside north wall of the 
channel and sets up a reverse eddy before reaching the gate 
(Figure 39) . The reverse eddy circulates a significant 
amount of water back towards the pipe exit. Reverse flow is 
re-entrained in the stream exiting the pipe. Turbulence and 
eddies are transported downstream into the flume. In the 
case of Flume 4, the flow is faster and sweeps cleanly along 
the south wall of the flume, and the water enters the flume 
expansion at an angle (see Pictures 12 and 13) .
Additionally, the sweeping flow at the south wall sets
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up a standing wave that is visible at the north wall of the 
flume just ahead of the Ha measuring head. The flow along 
the north wall is slower. Viewing the water surface profile 
from upstream reveals that the water surface is not level as 
it flows into the converging section. The standing wave is 
not as large as in Flume 3 but increases the water surface 
height on the south side of the flume by few inches. It is 
not known if these phenomena affect significantly the flow 
measurement and produce error. The best way to detect flow 
measurement errors would be to correct the hydraulic 
anomalies, then repeat the flow measurements.
Table 15 summarizes the flow behavior in Flume 4 during 
the experiment.
The results of this experiment are illustrated in 
Figures 39 to 42.
In addition of analyzing the flow behavior in Flumes 3 
and 4, it was decided to find out the nature of the flow 
coming out of the 60" diameter pipe that transports the 
wastewater from the headworks to the distribution section. 
This experiment was conducted at 7:55 am (low flow). The 
distance between the upper edge of the pipe to the water 
surface exiting the pipe was measured. The flow at this 
time was known.
With help of Table 16 (values obtained with equations 
given in Prasuhn, 1987, p. 240) , it was possible to know 
the relationship of area of flow to the pipe diameter.
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EXPERIMENT # 6 - PARSHALL FLUME 4 
SUMMARY OF AVG. VALUES @  AVG. TIMES
EVENT TIME FRAX Ha Qavg Hb Hb/Ha
(HRS) (FT) (MGD) (FT) %
1 6.400 0.762 5.06 -0.295 -38.75%
2 6.625 0.743 4.85 -0.315 -42.37%
3 6.875 0.760 5.05 -0.274 -36.04%
4 7.125 0.769 5.15 -0.254 -33.05%
5 7.458 0.827 5.78 -0.234 -28.27%
6 7.792 0.853 6.05 -0.232 -27.18%
7 8.125 0.900 6.58 -0.199 -22.13%
8 8.458 0.923 6.87 -0.158 -17.12%
9 8.792 0.971 7.42 -0.133 -13.74%
10 9.125 1.082 8.77 -0.046 -4.27%
11 9.458 1.053 8.43 -0.077 -7.31%
12 9.808 1.086 8.86 -0.079 -7.30 %
13 10.125 1.091 8.91 -0.074 -6.80%
14 10.458 1.100 9.03 -0.056 -5.10%
15 10.792 1.103 9.05 -0.076 -6.85%
16 11.125 1.099 8.99 -0.080 -7.31%
17* 11.383 1.737 8.46 0.579 33.31%
*: gate to Parshai flume 3 is closed
Table 15. Parshall Flume 4 results.
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PARSHALL FLUME 4 J
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Figure 39. Flow behavior in Parshall Flume 4.
Picture 12. Flow behavior in throat section of 
Parshall Flume 4 at 9:00 am.
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Picture 13. Flow behavior at the entrance of 
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Q = 6.08 MGD = 9.35 ft3/s (measured at 7:55 am) 
Distance to from upper edge of pipe to water surface 
in pipe = 46.375 in (measured)
=> y = D - measured distance = 60 - 46.375 = 13.625 in 
^ y = 13.625 in = 1.135 ft 
Ratio y/D = 13.625/60 « 0.23 
From Table 16, we obtain:
A/D2 = 0.137 
The flow area is then,
A = 0.137 * D2 = 0.137 * 602
=> A = 493 .2 in2 = 3 .43 ft2
Using the continuity equation, the average velocity in the 
pipe can be found:
V = Q/A = 9.35 (ft3/s) / 3.43 (ft2)
V = 2.73 ft/s
Using the Froude number formula:
F = V//(gy) = 2.73 / /(32.2 * 1.135)
=> F = 0.45
If F < 1.0, then the flow is subcritical
If F = 1.0, then the flow is critical
If F > 1.0, then the flow is supercritical
In conclusion, the flow coming out of the 60" diameter 
pipe is subcritical because the Froude number is less than 
1 .0 .
This result indicates that the flow coming inside the
y/D A/DA2 Rhvd/D v/D A/DA2 Rhvd/D
0.01 0.001 0.007 0.26 0.162 0.152
0.02 0.004 0.013 0.27 0.171 0.157
0.03 0.007 0.020 0.28 0.180 0.161
0.04 0.011 0.026 0.29 0.189 0.166
0.05 0.015 0.033 0.30 0.198 0.171
0.06 0.019 0.039 0.35 0.245 0.194
0.07 0.024 0.045 0.40 0.293 0.214
0.08 0.029 0.051 0.45 0.343 0.233
0.09 0.035 0.057 0.50 0.393 0.250
0.10 0.409 0.064 0.55 0.443 0.265
0.11 0.470 0.070 0.60 0.495 0.278
0.12 0.534 0.075 0.65 0.540 0.288
0.13 0.060 0.081 0.70 0.587 0.296
0.14 0.067 0.087 0.75 0.632 0.302
0.15 0.074 0.093 0.80 0.674 0.304
0.16 0.081 0.099 0.85 0.712 0.303
0.17 0.089 0.104 0.90 0.745 0.298
0.18 0.096 0.110 0.91 0.750 0.296
0.19 0.104 0.115 0.92 0.756 0.294
0.20 0.112 0.121 0.93 0.761 0.292
0.21 0.120 0.126 0.94 0.766 0.290
0.22 0.128 0.131 0.95 0.771 0.286
0.23 0.137 0.136 0.96 0.775 0.283
0.24 0.145 0.142 0.97 0.779 0.279
0.25 0.154 0.147 0.98 0.782 0.274
0.99 0.784 0.267
1.00 0.785 0.250
A = Flow area
Rhyd = Hydraulic radius
D = Pipe diameter
y = Depth of water in pipe
Table 16. Area and hydraulic radius for 
various flow depths.
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distribution section was not supercritical as had been 
suspected. Therefore, the flow behavior in this section was 
provoked by the nature of the constructive features of the 
channel, the short distance to the approach flow section, 
and the walls.
4.8 Experiment # 7 - Effluent Meters
Although only readings from the dial meters and the 
SCADA system were recorded during this experiment, one can 
analyze raw data in various ways. Compared are the values 
for uncorrected displayed flows in the dial meter recorders 
and the corrected flows, because the dial meters did not 
indicate zero-flow when one gate or the other was closed. 
This non-zero display had to be solved in some way to 
produce correct values for the effluent flow.
The corrections applied to the flows were made by 
averaging the frequency of non-zero displays in each event, 
and the time ranges in which the readings were taken.
For the north meter, we obtain:
C.F.N. = TNiTi / ETi
= (N7T7 + N1XT1X + N15T15) / ETi 
where C.F.N. : correction factor for north meter
N± : north meter average reading
(GPM) /MF25 that should have 
indicated zero flow
25 MF: multiplying factor for dial meter reading = 1000
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Ti : time in which non-zero reading was
taken (min)
ETi : total sum of times for non-zero
readings (min)
Then,
C.F.N. = (2.0*7.5 + 1.5*8 + 2.0*9) / 24.5 
=> C.F.N. = 1.84 (GPM)/MF
For the south meter, it follows:
C.F.S. = E S ^  / ET±
= (S5T5 + S9Tg + S13T13 + S17T17) / ET±
where C.F.S. : correction factor for south meter
Si : south meter average reading
(GPM)/MF that should have 
indicated zero flow 
Ti : time in which non-zero reading was
taken (min)
ETi : total sum of times for non-zero
readings (min)
Then,
C.F.S. = (1.0*8 + 2.0*7.5 + 1.25*8 + 1.25*9.5) / 33.0
=> C.F.S. = 1.36 (GPM) /MF
The uncorrected data is summarized in Table 17, showing 
deviations that range between 3.3% and 11.0%. Observe that 
when one gate is closed, less effluent is being recorded 
than when both gates are open (Figure 43). In the case of
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the south meter gate being closed, we see that the measured 
effluent is much smaller than when the north gate is shut 
down. This indicates that the north meter is under 
recording the flow more than the south meter.
The correction factors (C.F.S. and C.F.N.) were applied 
to all readings of this experiment in order to achieve an 
even and fair rectification of the results.
The corrected effluent flows show lesser values than 
the uncorrected ones, although the situation of 
underestimation of flow by the dial meters (mainly by the 
north meter) still persists as shown in Table 18.
The deviation of the dial meters from the SCADA varies 
from -7.5 to 4.8% being mostly in the negative range (Figure 
44) .
Assuming that the values in the SCADA system are 
correct, the prediction of the south and the north meter 
flow underestimation would be validated.
The outcome of Experiment # 7 indicates that there is 
a certain deviation of the dial meters with respect to the 
data collected by the SCADA system (Figures 43 and 44) . 
This deviation can be explained by the fact that data 
highway transmission is not 100% accurate and that the dial 
meters do not display zero flow when a gate is being closed.
The propeller meter signal goes through one RTU and is 
then displayed by the SCADA system.
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EXPERIMENT # 7 - INSTANTANEOUS READINGS, not averages
SUMMARY OF RESULTS (UNCORRECTED) AT EFFLUENT PROPELLER METERS
Legends:
MF : Multiplier factor for dial reading =*
Nunc : Uncorrected dial reading at north meter (GPM)/MF 
Sunc : Uncorrected dial reading at south meter (GPM)/MF 
SUMunc : Uncorrected sum of north and south dial meters (MGD) 
conv. : Conversion factor from (GPM)/MF to (MGD) -  
IND.Qout: Effluent flow indicated by SCADA (MGD)














DEV JR . 
SCADA
(%)
1 8.467 25.50 0.00 36.7 33.9 7.68%
2 8.658 15.00 13.00 40.3 *
3 8.883 28.00 1.00 41.8 *
4 9.142 17.50 17.00 49.7 44.2 11.03% **
5 9.408 34.00 1.25 50.8 47.7 6.03% **
6 9.658 20.50 20.00 58.3 53.9 7.58% **
7 9.867 2.00 37.00 56.2 51.1 9.01%
8 10.133 20.00 22.50 61.2 56.4 7.84%
9 10.342 36.00 2.00 54.7 50.5 7.71% **
10 10.567 21.50 21.00 61.2 *
11 10.783 1.50 38.00 56.9 53.0 6.82%
12 11.017 20.50 22.00 61.2 56.7 7.35%
13 11.233 34.50 1.25 51.5 46.9 8.90%
14 11.450 20.50 20.50 59.0 57.1 3.29%
15 11.683 2.00 37.00 56.2 50.1 10.79%
16 11.917 19.00 20.50 56.9 53.8 5.41% ***
17 12.167 33.50 1.25 50.0 44.9 10.27% ***
* DATA NOT AVAILABLE FROM SCADA READINGS 
** VALUES USED ARE 30 SEC. LATER 
*** VALUES USED ARE 1 MIN. LATER
1000
1.44
Table 17. Uncorrected instantaneous flows in effluent 












PROPELLER M ETERS - UNC. INSTANT. DATA










8.47 8.88  9.41 9.87 10.34 10.78 11.23 11.68 12.17
8.66  9 .14 9.66 10.13 10.57 11.02 11.45 11.92
TIME FRACTION (HOURS)
Figure 43. Deviation of uncorrected dial meters data.
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EXPERIMENT # 7 - AVERAGE VALUES
SUMMARY OF RESULTS (CORRECTED) AT EFFLUENT PROPELLER METERS 
Legends:
MF : Multiplier factor for dial reading = 1000
Ncorr : Corrected dial reading at north meter (GPM)/MF
Scorr : Corrected dial reading at south meter (GPM)/MF
SUMcorr: Corrected sum of north and south dial meters (MGD)
conv. : Conversion factor from (GPM)/MF to (MGD) -  1.44
IND.Qout: Effluent flow indicated by SCADA (MGD)

















1 8.373 23.26 -1.36 31.5 33.9 -7.50%
2 8.658 15.24 9.49 35.6 37.5 -5.30%
3 8.888 23.99 1.56 36.8 39.3 -6.82%
4 9.129 18.41 11.72 43.4 44.9 -3.49%
5 9.408 29.06 3.37 46.7 47.7 -2.14%
6 9.658 22.28 14.33 52.7 54.4 -3.19%
7 9.863 3.99 32.22 52.1 52.9 -1.45%
8 10.133 18.48 22.33 58.8 57.1 2.84%
9 10.342 33.69 1.33 50.4 49.7 1.45%
10 10.563 21.27 17.38 55.7 57.0 -2.41%
11 10.783 3.40 33.14 52.6 54.3 -3.20%
12 11.017 16.53 22.29 55.9 57.2 -2.32%
13 11.229 29.28 4.93 49.3 46.9 4.80%
14 11.450 22.54 14.85 53.8 55.4 -2.89%
15 11.679 3.95 32.03 51.8 51.8 0.02%
16 11.914 14.16 22.34 52.6 53.7 -2.17%
17 12.167 29.05 3.29 46.6 45.9 1.44%
Table 18. Corrected average flows in effluent 








PROPELLER M ETERS - CORRECTED AVG . D A TA








8.37 8.89 9.41 9 .86 10.34 10.78 11.23 11.68 12.17
8.66  9.13 9.66 10.13 10.56 11.02 11.45 11.91
TIME FRACTION (HOURS)
Figure 44. Deviation of corrected dial meters data.
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Figure 45 shows the comparison between the dial meter 
recordings and the SCADA system. Observe that the 
uncorrected instantaneous dial meters data is in all events 
larger than the data recorded by the SCADA.
PROPELLER METERS - INSTANTANEOUS DATA
UNCORRECTED DATA - DIAL METERS VS SCADA
65.0'
6 0 .0 -
5 5 .0 --
^  5 0 .0 -
I  45-0-
^  4 0 .0 - -GATES-O PEN
35.0
30.0
8.47 8.88  9.41 9.87 10.34 10.78 11.23 11.68 12.17
8.66  9 .14  9.66 10.13 10.57 11.02 11.45 11.92
TIME FRACTION (HOURS)
**— DIAL SUMunc — SCADA IND.Qout
Figure 45. Comparison of uncorrected effluent flows
between dial meters and SCADA data.
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Figure 4 6 illustrates the corrected flows in the 
effluent versus the data recorded in the SCADA. Since the 
corrected values for flow are smaller than the uncorrected 
ones, the difference between the SCADA and the dial meters 
flows is not very large. It can be said now, that the SCADA 
system tracks very well the data indicated by the dial 
meters at the effluent.
PROPELLER METERS - AVERAGE DATA
CORRECTED D A TA  - DIAL METERS V S. SC A D A
60.0
5 5 .0 -
Q 5 0 .0 -
45.0
iTH




8.66  9.13 9.66 10.13 10.56 11.02 11.45 11.91
TIME FRACTION (HO URS)
DIAL SUMcorr — SCADA IND.Qout
Figure 46. Comparison of corrected effluent flows
between dial meters and SCADA data.
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Forcing all effluent through one meter gave less flow 
than splitting the flow through both meters, indicating that 
the propeller's speed may not be linearly increasing with 
increasing flow. This could occur if the propeller tends to 
stall or slip in the flow at high velocities.
Another task in Experiment # 7 was to compare the data 
indicated by the SCADA system between the influent and the 
effluent (Table 19). The data recorded in the SCADA system 
reads out flows in each Parshall flume separately (PF 1, PF 
2, etc.) and indicates also the total influent in all flumes 
(IND.Qin). For reviewing purposes, it was decided to 
calculate the influent (CALC.Qin) based on the quantities 
read for each flume and compare them with the total influent 
indicated (IND.Qin) in the SCADA (see Figure 47) . The error 
in the influent (Error Qin) seems to be quiet small, in the 
order of -3.3% to 2%.
Next, the flow indicated by the SCADA for the effluent 
(IND.Qout) was compared to the indicated influent (IND.Qin) 
as shown in Figure 48. In six occasions, the effluent 
manifests larger flows than the influent, and this 
difference occurs when both gates are open (see Figure 49).
The effluent propeller meters appear to be 
underestimating effluent flow when one gate is open. 
However, when both gates are open, measured effluent tends 
to increase and the influent-effluent flow difference goes 
into the negative range, which indicates the physical
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SUMMARY OF INFLUENT VALUES (INDICATED BY SCADA AND CALCULATED) 
AND EFFLUENT VALUES (INDICATED BY SCADA) @ AVG. TIMES 





























1 8.373 10.2 11.5 7.2 7.2 37.3 36.1 -3.3291 33.9 3.4
2 8.658 13.6 14.0 8.0 7.8 42.8 43.4 1.3891 37.5 5.3
3 8.888 13.1 13.9 7.9 7.9 43.5 42.8 -1.649* 39.3 4.2
4 9.129 17.9 18.0 8.8 8.8 53.4 53.5 0.1995 44.9 8.5
5 9.408 17.3 17.3 8.7 8.6 53.0 52.0 -1.929* 47.7 5.3
6 9.658 18.1 18.0 9.0 8.9 54.1 53.9 -0.379* 54.4 -0.3
7 9.863 18.4 18.8 9.0 9.0 54.7 55.1 0.739* 52.9 1.8
8 10.133 18.8 18.7 9.1 9.0 54.9 55.6 1.269* 57.1 -2.2
9 10.342 18.8 18.9 9.1 9.1 55.6 55.9 0.549* 49.7 5.9
10 10.563 18.0 18.1 9.0 9.0 55.6 54.2 -2.589* 57.0 -1.4
11 10.783 18.8 19.1 9.1 9.1 57.2 56.2 -1.789* 55.3 1.9
12 11.017 18.5 18.8 9.1 9.0 54.3 55.4 1.999* 57.2 -2.9
13 11.229 18.0 18.5 9.0 9.0 55.3 54.6 -1.289* 46.9 8.4
14 11.450 17.8 18.2 9.1 9.0 53.8 54.0 0.379* 55.4 -1.6
15 11.679 17.4 17.6 8.9 8.9 53.1 52.9 -0.389* 51.8 1.3
16 11.914 16.9 16.7 8.9 8.7 50.9 51.2 0.59*% 53.7 -2.8
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8.37 8.89 9.41 9.86 10.34 10.78 11.23 11.68 12.17
8.66 9.13 9.66 10.13 10.56 11.02 11.45 11.91





Figure 49. Flow difference indicated in SCADA.
166
impossibility of effluent exceeding influent.
Considering the case of the propeller meters 
overestimating the effluent when both gates are open, then 
the effect of closing a gate still indicates a serious non- 
linearity in the response of both propeller meters.
4.9 Experiment # 8 - Effluent Meters
In this experiment, data for the effluent flow was 
collected from different sources: readings from the dial
meters inside the shack located adjacent to the effluent 
channel, flows (for influent and effluent) displayed through 
the data highway by the SCADA system, and direct readings 
from the totalizing mechanical drive shaft meters.
Readings from the dial meters were taken every 3 0 
seconds for each event (Events 1-9) . The events were 
organized so that either the south gate or the north gate 
was lowered.
The manipulation of gates, south open, north open, and 
both open, gave the chance to obtain results, and compare 
them. The comparison was made between effluent readings for 
uncorrected displayed flows in the dial meter recorders and 
the corrected flows. Since in several occasions the dial 
meters did not indicate zero-flow when one gate or the other 
was closed, this error of non-zero display had to be 
corrected as in Experiment # 7.
The corrections applied to the flows were made by 
averaging the frequency of non-zero displays in each event,
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and the time ranges in which the readings were taken.
For the north meter, we have:
C.F.N. = SNiTi / ETt
= (NjT-l + N5T5 + N9T9)/ ETt 
where C.F.N. : correction factor for north meter
Ni : north meter average reading
(GPM) /MF26 that should have 
indicated zero flow 
Ti : time in which non-zero reading was
taken (min)
ET± : total sum of times for non-zero
readings (min)
Then,
C.F.N. = (0.5*5 + 2.0*5.5 + 1.25*5) / 15.5 
=* C.F.N. = 1.27 (GPM)/MF
For the south meter, it follows:
C.F.S. = ESjTi / ET±
= (S3T3 + S7T7)/ ETi 
where C.F.S. : correction factor for south meter
Si : south meter average reading
(GPM)/MF that should have 
indicated zero flow 
Ti : time in which non-zero reading was
taken (min)
26 MF: multiplying factor for dial meter reading = 1000
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ETi : total sum of times for non-zero 
readings (min)
C.F.S. = (1.25*5.5 + 1.25*5) / 10.5
=> C.F.S. = 1.25 (GPM) /MF
The uncorrected data is summarized in Table 20. The 
deviation to the SCADA data ranges between 4.4% and 10.5% 
(Figure 50) .
Less effluent is being recorded when only one gate is 
open than when both gates are open, particularly when the 
south gate is closed. This is an indication that the north 
meter is under recording the flow more than the south meter.
The corrected effluent flows and the deviation from the 
SCADA system are tabulated in Table 21. The corrected 
values for effluent flow are smaller than the uncorrected 
ones. A similar pattern exists about the under recording of 
flow principally from the north meter when just one gate is 
being used to discharge the effluent. The deviation from 
the dial meters to the SCADA varies from -2.0% to 3.7% 
(Figure 51).
Assuming that the values in the SCADA system are 
correct, the prediction of the south and the north meter 
flow underestimation would be validated.
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EXPERIMENT # 8 - INSTANTANEOUS READINGS, not averages
SUMMARY OF RESULTS (UNCORRECTED) AT EFFLUENT PROPELLER METERS
Legends:
MF : Multiplier factor for dial reading = 1000
Nunc : Uncorrected dial reading at north meter (GPM)/MF
Sunc : Uncorrected dial reading at south meter (GPM)/MF
SUMunc : Uncorrected sum of north and south dial meters (MGD)
conv. : Conversion factor from (GPM)/MF to (MGD) =■ 1.440
IND.Qout: Effluent flow indicated by SCADA (MGD)
DEV.FR.SCADA: Deviation of dial meter readings from SCADA data
TIME SCADA DEV.FR.
EVENT FRAX Nunc Sunc SUMunc IND.Qout SCADA
: «= (HRS) (GPMVMF (GPMVMF (MGD) (MGD) (%)
11.108 0.50 39.50 57.6 52.89 8.18%
2 11.317 20.00 19.80 57.3 53.80 6.13%
3 11.542 36.50 1.25 54.4 48.68 10.45%
4 11.767 22.00 20.00 60.5 57.40 5.09%
5 11.975 2.00 38.00 57.6 54.03 6.20%
6 12.158 21.25 21.25 61.2 57.79 5.57%
7 12.358 37.50 1.25 55.8 51.10 8.42%
8 12.583 21.25 19.80 59.1 56.50 4.42%
9 12.792 1.25 36.50 54.4
Table 20. Uncorrected instantaneous flows in effluent 











PROPELLER METERS - UNC JNSTANTJJATA








11.98 12.3611.11 11.54 12.79
11.32 11.77 12.16 12.58
TIME FRACTION (H O URS)
Figure 50. Deviation of uncorrected dial meters data.
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EXPERIMENT # 8 - AVERAGE VALUES
SUMMARY OF RESULTS (CORRECTED) AT EFFLUENT PROPELLER METERS 
Legends:
MF : Multiplier factor for dial reading = 1000
Ncorr : Corrected dial reading at north meter (GPM)/MF
Scorr : Corrected dial reading at south meter (GPM)/MF
SUMcorr Corrected sum of north and south dial meters (MGD)
conv. : Conversion factor from (GPM)/MF to (MGD) = 1.440
IND.Qout: Effluent flow indicated by SCADA (MGD)
DEV.FR.SCADA: Deviation of dial meter readings from SCADA data
TIME SCADA DEV.FR.
EVENT FRAX Ncorr Scorr SUMcorr IND.Qout SCADA
(HRS) (GPMVMF (GPMVMF (MGD) (MGD) %
1 11.108 -0.77 37.60 53.0 54.07 -2.02%
2 11.321 18.73 18.85 54.1 54.49 -0.72%
3 11.546 35.21 0.00 50.7 48.85 3.65%
4 11.767 20.20 18.90 56.3 56.94 -1.14%
5 11.980 0.73 37.13 54.5 54.05 0.83%
6 12.158 19.52 19.66 56.4 57.41 -1.79%
7 12.358 35.98 0.00 51.8 50.56 2.39%
8 12.415 20.54 18.68 56.5 56.50 0.00%
9 12.792 -0.02 35.38 50.9
Table 21. Corrected average flows in effluent 








PROPELLER METERS - CORRECTED AVG. DATA
DEVIATIO N DIAL METERS FROM  SC A D A
12.00%
8.00% -









TIME FRACTION (HO URS)
Figure 51. Deviation of corrected dial meters data.
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Figure 52 compares the uncorrected instantaneous dial 
meters data versus the data indicated in the SCADA. The 
uncorrected effluent flows are in all cases larger than the 
displayed flows in the SCADA system.
PROPELLER METERS - INSTANTANEOUS DATA
UNCORRECTED DATA - DIAL M ETERS V S SCADA
65.0
60.0
q  55 .0  
O
S  50.0- 






11.11 11.54 11.98 12.36 12.79
11.32 11.77 12.16 12.58
TIME FRACTION (H O URS)
DIAL SUMunc SCADA IND.Qout
Figure 52. Comparison of uncorrected effluent flows
between dial meters and SCADA data.
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Figure 53 illustrates the corrected flows in the 
effluent versus the data recorded in the SCADA. The 
difference between the corrected dial meter flows and the 
SCADA data is not very large. The SCADA system tracks very 
well the data recorded in the dial meters at the effluent.
PROPELLER METERS - AVERAGE DATA
CORRECTED D A TA  - DIAL M ETERS V S. SC A D A
60.0
5 5 .0
5 0 .0 -
4 5 .0 -
GATES OPENJ  4 0 .0 -
3 5 .0 -
30.0
11.98 12.36 12.7911.55
11.32 11.77 12.16 12.42
TIME FRACTION (H O URS)
DIAL SUMcorr SCADA IND.Qout
Figure 53. Comparison of corrected effluent flows
between dial meters and SCADA data.
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Again, as in Experiment # 7 we see a consistent pattern 
of lower measured effluent when one gate is open compared to 
when both gates are open. The propellers can not track the 
flow, as the propeller's speed may not be linearly 
increasing with increasing flow.
Another assignment during the analysis of Experiment # 
8 was to compare the data indicated by the SCADA system 
between the influent and the effluent. The data recorded in 
the SCADA system reads out flows in each Parshall flume 
separately (PF 1, PF 2, etc.) and indicates also the total 
influent in all flumes (IND.Qin). Readings were taken for 
Events 1 through 8 only.
As a separate task, the influent flows were also 
calculated (CALC.Qin) based on the quantities read for each 
flume (see Table 22). These calculated values were compared 
to the total influent indicated (IND.Qin) in the SCADA. The 
error in the influent (Error Qin) is small and ranges from - 
1.2% to about 0.7%.
Separate readings of effluent flow were taken for the 
north and south propeller meters in the SCADA (IND.N and 
IND.S, respectively). The total effluent was also displayed 
(IND.Qout).
As a supplementary job, the effluent was calculated 
adding up the quantities displayed for both propeller meters 
(CALC.Qout) , and compared to the displayed values. The error 
for the effluent was then determined (ERRORQout) , and it
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ranges between -2.0% to 1.9%.
Additionally, the flow indicated by the SCADA for the 
effluent (IND.Qout) was compared to the indicated influent 
(IND.Qin) as shown in Table 23. Only in two occasions, the 
effluent is smaller than the influent, and this difference 
(IND.delQ) occurs when the north gate is open. This brings 
us to the thought that the north meter is suspected of 
having higher inaccuracy than the south meter (Figure 54).
The flow difference between influent and effluent is 
shown in Figure 55.
Also in Table 23, we can find the calculated error of 
the flow in the SCADA system between influent and effluent. 
This error (ERROR IND.Q) is based on the flow difference and 
using the influent as the reference value. Observe that the 
error ranges from -11.6% to 6.6%. The error is positive 
only in both cases when the north gate is open; all other 
errors are negative (Figure 56) .
Calculated values for influent from the SCADA 
(CALC.Qin), and calculated effluent from the dial meters 
(SUMcorr) and SCADA (CALC.Qout) are shown in Figure 57. 
Notice that for most events, measured effluent exceeds the 
measured influent.
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EXPERIMENT # 8 AVERAGE DATA FOR INFLUENT FROM SCADA
Legends:
PF # : Influent flow in Parshall flume (MGD)
IND.Qin : Total inrluent flow indicated by SCADA (MGD) 
CALC.Qin: Total calculated influent flow (MGD)
ErrorQin: Error in influent = (CALC.Qin-IND.Qin)/CALC.Qin (%)
EVENT
TIME FRAX 

















1 11.108 17.93 17.42 8.50 8.69 52.18 52.54 0.68%
11.321 17.57 17.05 8.65 8.49 51.72 51.76 0.08%
j 11.546 17.39 17.38 8.63 8.52 52.29 51.91 -0.73%
4 11.767 17.43 17.14 8.37 8.45 51.43 51.39 -0.06%
5 11.980 16.46 16.89 8.62 8.50 50.51 50.46 -0.11%
6 12.158 16.39 16.80 8.71 8.62 50.38 50.51 0.28%





16.23 16.62 8.67 8.49 50.62 50.01 -1.23%
Table 22. Influent indicated in SCADA.
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EXPERIMENT # 8 AVERAGE DATA FOR EFFLUENT FROM SCADA 
ERROR IN EFFLUENT AND BETWEEN INFLUENT AND EFFLUENT
Legends:
IND.N : SCADA reading from north meter (MGD)
IND.S : SCADA reading from south meter (MGD)
IND.Qout: Total effluent flow indicated by SCADA (MGD)
CALC.Qout: Total calculated effluent flow (MGD)
ErrorQout: Error in effluent = i CALC.Qout-IND.Qout)/CALC.Qout (%>) 
IND.delQ: Influent - Effluent = IND.Qin - IND.Qout (MGD)






















1 11.108 54.3 0.0 54.07 54.3 0.36% -1.89 -3.66%
2 11.321 27.3 27.1 54.49 54.4 -0.19% -2.77 -5.35%
3 11.546 0.0 49.8 48.85 49.8 1.88% 3.44 6.56%
4 11.767 28.2 27.6 56.94 55.8 -1.98% -5.51 -10.97%
5 11.980 54.7 0.0 54.05 54.7 1.18% -3.53 -7.11%
6 12.158 28.9 28.3 57.41 57.2 -0.45% -7.03 -1.48%





27.8 27.7 56.50 55.5 -1.87% -5.88 -11.61%
Table 23. Effluent indicated in SCADA.
(CIDIAJ) MOTH
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FLOW VS TIME 
SCADA INDICATED INFLUENT A N D  EFFLUENT
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FLO W  VS. TIM E
CALCULATED INFLUENT A N D  EFFLUENT
60.0'
5 5 .0 -
5 0 .0 -
4 5 .0 -
4 0 .0 -
EVENT#
3 5 .0 -
30.0-1—  11.00 12.6011.40 11.80 12.20 13.00
11.20 11.60 12.00 12.40 12.80
TIME FRACTION (H O URS)
CALC.Qin —» — DIAL SUMcorr —®— CALC.Qout
Figure 57. Calculated influent and effluent.
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Direct readings from the mechanical totalizing meters 
that are connected to the propeller meters, displayed the 
amount of gallons running through the 72" effluent pipe and 
being discharged into the Las Vegas Wash. Data was recorded 
from Event 2 through Event 9. Recorded data consisted of 
the time for 1000 gallons to run through the pipe for 
discharge. Several time intervals, in seconds, were added 
up for each event and converted to hours. Depending upon 
closure or opening of one gate (north or south) , these times 
were called then deltN and deltS for the north and the south 
meter, respectively. An example on how to calculate deltN 
and deltS follows for Event 2:
For the north meter we have:
deltN = EtNi/3600 = (29 + 32 + 32 + 32 + 32) /3600 
deltN = 0.0436 hours
where tN^ time interval for north meter in which 
1000 gallons passed through the exiting 
pipe (sec)
For the south meter we obtain:
deltS = EtSi/3600 = (29 + 31 + 30) /3600
deltS = 0.0250 hours
where tS^ time interval for south meter in which 
1000 gallons passed through the exiting 
pipe (sec)
For the case of just one gate being open, readings were 
taken at the corresponding mechanical meter where the water
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was running through. When both gates were open, several 
readings were taken first at one meter, and then several 
more taken at the second one.
A summary of the readings at the mechanical drive shaft 
meters is put together in Table 24.
Observe that for the events where the north gate is 
open, the effluent flow is smaller than when both gates are 
open. The difference of flow between the situations of both 
gates open and south gate open is not as large as the 
deviations observed for the north meter.
A comparison between the effluent from the mechanical 
direct readings (MECH.Qout) and the corrected effluent from 
the dial meter readings (SUMcorr) is summarized in Table 25 
and illustrated in Figure 58.
The deviation is calculated based upon the difference 
of both types of readings using the mechanical readings as 
the reference value. The deviation from the mechanical 
readouts ranges from -9.6% to -0.7%.
The largest negative deviation occurred during Event 9, 
when the south gate was open. This deviation was caused by 
the water behavior in the effluent channel, which did not 
damp out completely as the readings from the south 
mechanical drive shaft meter started taking place.
In all other cases, the deviation reaches smaller 
values (from -5.4% to -0.7%) indicating that the time range 
allowed for the water to stabilize was longer. These
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deviations are more comparable (see Figure 59) and show a 
more or less uniform pattern of dial meters data tracking 
the data from the mechanical meters.
EXPERIMENT # 8 AVERAGE DATA FOR EFFLUENT FROM
MECHANICAL DRIVE SHAFT
Legends:
N : Effluent flow reading from north mechanical drive shaft (MGD) 
S : Effluent flow reading from south mechanical drive shaft (MGD) 
deltN : sum of time intervals at north meter (HRS) 
deltS : sum of time intervals at south meter (HRS)
MECH.Qout: Total effluent flow from both north and south mechanical

















2 11.321 0.0436 0.0250 27.5 28.8 56.3
3 11.546 0.0228 52.7 52.7
4 11.767 0.0428 0.0419 28.1 28.6 56.7
5 11.980 0.0250 57.6 57.6
6 12.158 0.0339 0.0400 28.3 30.0 58.3
7 12.358 0.0269 53.4 53.4
8 12.415 0.0247 0.0431 29.1 27.9 57.0
9 12.792 0.0256 56.3 56.3
Note: time intervals are considered those in which 1000 GAL
of water run through the exiting pipe for effluent discharge
Table 24. Effluent recorded by mechanical 
drive shaft meters.
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EXPERIMENT # 8 - AVERAGE VALUES IN EFFLUENT 
MECHANICAL DIRECT READINGS VS. 
CORRECTED DIAL METER READINGS
Legends:
MECH.Qout: Total effluent flow from both north and south 
mechanical drive shafts (MGD)
SUMcorr: Corrected sum of north and south dial meters (MGD) 
DEV.TO MECH.Qout: Deviation from dial meters to mechanical
drive shaft readings (%>)
TIME MECH. SUMcorr DEV.TO
EVENT FRAX Qout MECH.Qout
(HRS) (MGD) (MGD) (%>)
11.11 53.00
2 11.32 56.3 54.10 -3.91%
j 11.55 52.7 50.70 -3.80%
4 11.77 56.7 56.30 -0.71%
5 11.98 57.6 54.50 -5.38%
6 12.16 58.3 56.40 -3.26%
-7
I 12.36 1 53.4 51.80 -3.00%
8 12.42 | 57.0 56.50 -0.88%
9 12.79 1 56.3 50.90 -9.59%
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Figure 58. Effluent flow recorded by mechanical 
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Figure 59. Deviation of effluent in dial meters to 
effluent in mechanical meters.
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Another comparison was made, but now between the direct 
readings from the mechanical meters and the calculated data 
resulting from the SCADA recordings (see Table 26). Again, 
deviation from the mechanical readings for the effluent were 
calculated. The results show deviations between -5.5% to - 
1.6%. This indicates that the calculated values from the 
SCADA effluent recordings follow well the recordings from 
the mechanical drive shaft meters (see Figures 60 and 61).
EXPERIMENT # 8 - AVERAGE VALUES IN EFFLUENT 
MECHANICAL DIRECT READINGS VS. 
TOTAL CALCULATED EFFLUENT IN SCADA
Legends:
MECH.Qout: Total effluent flow from both north and south 
mechanical drive shafts (MGD)
CALC.Qout: Total calculated effluent flow (MGD)
DEV.TO MECH.Qout: Deviation from calculated effluent 
to mechanical drive shaft readings (%)
TIME MECH. CALC. DEV.TO
EVENT FRAX Qout Qout MECH.Qout
(HRS) (MGD) (MGD) (%)
1 11.11 54.30
2 11.32 56.3 54.40 -3.37%
3 11.55 52.7 49.80 -5.50%
4 11.77 56.7 55.80 -1.59%
5 11.98 57.6 54.70 -5.03%
6 12.16 58.3 57.20 -1.89%
7 12.36 53.4 51.50 -3.56%
8 12.42 57.0 55.50 -2.63%
9 12.79 56.3
Table 26. Effluent recorded by mechanical meters
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Figure 60. Effluent flow recorded by mechanical meters
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Figure 61. Deviation of effluent calculated in SCADA 
to effluent recorded by mechanical meters.
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The last comparison was made between the effluents from 
the mechanical drive shaft meter recordings and the 
indicated values in the SCADA system. Table 27 shows the 
total effluent displayed by both north and south mechanical 
meters (MECH.Qout) in contrast to the total effluent 
indicated in the SCADA (IND.Qout) . The deviation was 
determined based on the different between the two types of 
data with reference to the mechanical direct readings.
EXPERIMENT # 8 - AVERAGE VALUES IN EFFLUENT 
MECHANICAL DIRECT READINGS VS.
TOTAL INDICATED EFFLUENT IN SCADA
Legends:
MECH.Qout: Total effluent flow from both north and south 
mechanical drive shafts (MGD)
IND.Qout: Total effluent flow indicated by SCADA (MGD) 
DEV.TO MECH.Qout: Deviation from SCADA indicated effluent 















2 11.32 56.3 54.49 -3.21%
3 11.55 52.7 48.85 -7.31%
4 11.77 56.7 56.94 0.42%
5 11.98 57.6 54.05 -6.16%
6 12.16 58.3 57.41 -1.53%
7 12.36 53.4 50.56 -5.32%
8 12.42 57.0 56.50 -0.88%
9 12.79 56.3
Table 27. Effluent recorded by mechanical meters
and indicated in SCADA.
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The results are plotted in Figures 62 and 63. Figure 
62 illustrates the effluent flows in each event. Notice 
that the effluent displayed by the mechanical meters is 
larger than the indicated effluent flow in the SCADA system. 
When both gates are open, the SCADA and the mechanical 
meters readings seem to track better than when only one gate 
is open.
EFFLUENT FLO W  VS TIM E  
MECH. READINGS V S SC A D A  INDICATED D A TA
60.0
GL -a
5 5 .0 - cr
5 0 .0 -
45 .0 -
GATES OPENJ  40 .0 -
35 .0 -
30.0H—  
11.00 13.0011.40 11.80 12.20 12.60
11.20 11.60 12.00 12.40 12.80
TIME FRACTION (HOURS)
—o— MECH.Qout IND.Qout
Figure 62. Effluent flow recorded by mechanical meters
and indicated in SCADA.
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Deviations from SCADA data to the mechanical meters 
data fluctuating between -7.3% and 0.42% are shown in Figure 
63. A partial reason for these fluctuations may be that 
SCADA readings pass through an RTU, where the input value 
may be damped by a damping constant as was shown in Chapter 
3. Over a period of several minutes, the damped output from 
the RTU, which is what is recorded by the SCADA system, may 
lag the undamped input to the RTU, giving a slightly 
different computed short term average.
12.00% 
8.00%







11.11 11.55 11.98 12.36 12.79
11.32 11.77 12.16 12.42
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Figure 63. Deviation of effluent indicated in SCADA









Figure 64 shows all types of data being displayed for 
the effluent propeller meters. Note that only the values 
for the mechanical meters do not completely follow a similar 
pattern as the other types of data. The situation of flow 
under recording when just one gate is being used is 
consistent in all data types.
EFFLUENT FLOW VS TIME








11.40 12.2011.80 12.60 13.00
11.20 11.60 12.00 12.40 12.80
TIME FRACTION (HOURS)
■o— MECH.Qout -m SUMcorr —®— CALC.Qout * ■ IND.Qout
Figure 64. Effluent displayed by different sources.
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4.10 Experiment # 9
This experiment was intended to analyze the behavior of 
the water surface profile when gates to Flumes 3 and 4 are 
being manipulated. A flume's upstream splitter gate was 
lowered a certain amount of turns about its axis, until the 
water surface was touched. After this situation, the gate 
was raised. Readings were taken during several events (1- 
8), alternating the lowering of gates to Flumes 3 and 4.
Since the ultrasonic head meters display values of 
depth or flow at Ha location in the flow indicators near the 
flumes, either a depth reading (Ha) or a flow reading (Qdis) 
was taken at a time. When the value was displayed for a 
depth (Ha, in feet), the corresponding flow was calculated 
(Qcalc) with help of Equation (2) . The influent flow in 
each Parshall flume was then determined by adding up the 
displayed and the calculated values.
The values for the total influent flow through both 
flumes, 3 and 4, were then summed up (TotQin). Table 28 is 
presented to show the summarized results. Plotted results 
are illustrated in Figure 65. Observe that when one gate 
was lowered into the water (i.e. Flume 3) , the amount of 
flow that can not pass through the corresponding flume 
(Flume 3) was diverted to the other flume (Flume 4), which 
is a logical reaction of the water. The same observation 
was made when the other gate was lowered.
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SUMMARY OF ANALYSIS OF EFFECTS ON WATER SURFACE PROFILE 
EXPERIMENT # 9  PARSHALL FLUMES 3 AND 4
Legends:
PF # : Parshall flume
Qdis : displayed flow from flow meter (MGD)
Ha : depth in converging section displayed by flow meter (FT)
Qcalc : calculated flow based on Ha measurement (MGD)
Qin : Total influent flow through flume = Qdis + Qcalc (MGD)

























3 & 4 
TotQin 
(MGD)
1 13.317 8.61 1.074 3.68 8.32 1.039 8.24 8.65 8.27 16.92
2 13.500 0.924 6.85 9.89 1.163 9.82 6.85 9.87 16.72
3 13.650 8.37 1.055 8.43 8.30 1.039 8.24 8.39 8.30 16.69
4 13.792 8.61 1.065 8.57 8.27 1.044 8.30 8.58 8.27 16.85
5 13.942 8.44 1.049 8.35 7.98 1.032 8.15 8.43 8.14 16.56
6 14.067 9.42 1.133 9.44 7.17 0.946 7.11 9.43 7.15 16.58
7 14.200 11.86 1.299 11.68 4.73 0.730 4.74 11.69 4.73 16.43
8 14.400 1 8.17 1.041 8.26 8.02 8.22 8.02 16.24
EVENT Gate status and number of tums
1 BOTH GATES UP
2 GATE 3 LOW 150
3 GATE 3 LOW 100
4 BOTH GATES UP
5 GATE 4 LOW 100
6 GATE 4 LOW 150
7 GATE 4 LOW 200 
S BOTH GATES UP
Table 28. Water surface profile effects









FLOW VS. TIME - FLUMES 3 AND 4
EFFECTS ON W ATER SURFACE PROFILE
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Figure 65. Water surface profile effects in 
Parshall Flumes 3 and 4.
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In Figure 65, note that as one gate is lowered the flow 
decreases for that particular flume, and increases in the 
second one. When the gate is raised, the flow increases and 
the flow distributes itself more or less evenly through both 
flumes. Notice also that the total influent flow going
through both Parshall flumes is almost constant through the 
whole experiment (16.24 MGD - 16.92 MGD).
The outcome of Experiment # 9 indicates that no water 
surface profile effects are produced by the manipulation of 
gates. If there had been water surface profile effects, the 
summed flow through both flumes would have changed, instead 
of remaining constant.
The water surface profile downstream is not being 
affected by lowering or raising the flumes' upstream 
splitter gates. The water surface profile can be affected 
though, by the water behavior in the approach section of the 
channel, changing the flow pattern across the converging 
section and displaying false readings for depth and flow at 
Ha. Water surface profiles downstream can be affected by 
the presence of high tailwater, submergence, and hydraulic 
jumps inside the throat section. The latter situations need 
to be considered and/or corrected when reporting values for 
flow.
CHAPTER 5
SUMMARY, CONCLUSIONS, RECOMMENDATIONS 
Summary
Plant flow data. Analysis of flow data provided by the 
City of Las Vegas WPCF shows larger measured influents than 
estimated effluents for years 199.0 and 1991. These results 
were calculated using estimated plant evaporation rates that 
are known to be incorrect (Equation (4.1)).
In 1992, the physical impossibility of effluent flows 
larger than influent flows starts to show up. This 
coincides with bringing propeller meters on-line and with 
increased diversion of water through Plant 2.
In 1993, some reported effluent flows are larger than 
reported influent flows. This episode appeared to coincide 
with Plant 1 being removed from service during the first two 
months.
Investigations through experimental measurements on 
individuals flow devices were carried out to discover 
possible sources of error in measurement and inaccuracies in 
the metering devices.
Experiment # 1. High flow conditions.
Parshall Flume 1. Flow behavior in this flume is very
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non-uniform. The flow in the converging section is not well 
distributed, forming stream lines not parallel to the walls 
of the throat section. Surface boils, surges, and waves 
cause the water surface profile to be not level. Measured 
influent flows exceed calculated flows in a very small 
proportion.
Parshall Flume 2. This flume shows many irregularities 
in the flow pattern (turbulence, surges, and waves), 
especially when high peak flow is reached. The approach 
flow is not well conditioned. Turbulence increases in the 
flume channel as the flow increases. SCADA and flow meters 
recordings do not show large deviations from each other.
Parshall Flumes 3 and 4 . Approach flow to Flumes 3 and 
4 is not well conditioned. The constructive characteristics 
of the diverter (sharp edge) and the gates to both flumes 
have a big impact on the flow behavior. Depth to flow 
conversion does not seem to be the problem. The magnitude 
of the hydraulic effects has not been quantified.
Manipulation of gate to Flume 1 causes the largest 
negative deviation in measured flow, followed by 
manipulation of both gates 3 and 4. Smaller deviations are 
produced by closing gates to either Flume 2, 3, or 4.
Although the SCADA results tend to lag measurements 
made at the individual flow devices, and in some cases may 
be over-damped by the RTU, data recorded by the SCADA 
system, to within allowable observational uncertainty,
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tracks accurately measurements made at the individual 
flumes.
Flow measurement errors are occurring at individual 
devices. In most cases, flumes and meters appear to 
underestimate flow when increasing flows pass through them.
Experiment # 2. Low flow conditions.
Parshall Flumes 1 and 2. The flow is not well
conditioned in both flumes, particularly in Flume 1 during 
the early morning hours, because the hydraulic jump builds 
up right in the middle of the throat section.
Flume 2 shows low turbulence that then escalates as 
flow increases. Flume 1 is likely overestimating flow
during low flow conditions.
SCADA data seemed to track well the readings obtained 
from the ultrasonic head meters during this experiment.
Parshall Flumes 3 and 4. The flow distributed across 
both flumes showed many irregularities such as backwater and 
eddies in the approach section, and waves forming along the 
inside walls of both flumes.
Conversion of height to flow was not investigated, 
since recordings of flow were taken from the meters and the 
SCADA. Comparing both sets of flow data, it can be said
that the SCADA follows a similar pattern during the
experiment to the one displayed by the meters.
Closing gates to both Flumes 3 and 4 resulted in the 
largest measured flow deviation. This corresponded to
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forcing all the flow through Plants 1 and 2. Less deviation 
was observed when gates 1 and 2 were closed. Smaller 
deviations than the latter ones were produced by closing 
gates to Plants 1, 2, 4, and 3 (ranked).
Experiment # 3. Parshall Flume 1.
Observations of Flume 1 at low flow conditions showed 
a high level of submergence at the Hb location. The jump 
was also displaced several feet upgradient into the throat 
section of the flume. At high flow, the curved water 
surface in the jump at Hb does not return a clean signal to 
an ultrasonic sensor head.
Due to the presence of the hydraulic jump in the 
throat, Flume 1 does not correctly measure the low flows.
Although accurate estimates of the error will not be 
possible until hydraulic modifications make measurement 
easier, the cumulative effect of Flume 1 errors on daily 
flow would probably be a small negative correction to total 
daily plant flow.
Experiment # 4. Parshall Flume 2.
Water distribution in this flume is very non-uniform. 
The reverse flow eddy formed along the west side of the wall 
of the flume produces a standing wave in the converging 
section close to the Ha measuring head. The water surface 
profile is not level. To discover the magnitude of the flow 
measurement error, hydraulic anomalies should be corrected, 
then the flow measurements repeated.
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Experiment # 5. Parshall Flume 3.
Water distribution in this flume is very non-uniform. 
The diverter that distributes the flow to Flumes 3 and 4 has 
a sharp edge that hinders the smooth passage of water into 
the Flume 3 approach channel. The approach flow is very 
turbulent, and the profile of the water surface observed 
from upstream is not level due to the presence of a standing 
wave. The best way to find out if there are flow
measurement errors would be to correct the hydraulic 
anomalies, then repeat the flow measurements.
Experiment # 6. Parshall Flume 4.
Flow behavior in this flume is a mirror image of flow 
pattern in Flume 3. The standing wave is not as big as in 
Flume 3 but increases the water surface height on the south 
side of the flume by few inches. It is not known if these 
phenomena significantly contribute to flow measurement 
error. To determine this error, corrections to the
hydraulic anomalies are needed. Afterwards, repeat the flow 
measurements.
Experiments # 7 and # 8. Propeller Meters.
The total indicated effluent flow when both propeller 
meters are operating is higher, as opposed to when one is 
operating. This situation happens particularly when the 
south gate is closed, indicating that the north meter is 
under recording the flow more than the south meter.
The propellers are likely failing to increase in
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rotational speed with increasing flow. This could be the 
result of a fluid mechanical stalling effect, binding on the 
mechanical shaft, or the result of propeller fouling. 
Propeller meters are subject to inaccuracies when fouled 
with objects in the stream. Fouling with construction 
debris and wind-blown trash has occurred recently.
Experiment # 9. Effects on water surface profile. 
After recording data for Flumes 3 and 4 through several 
events, in which the gates were lowered and raised, it was 
observed that the total flow in Flumes 3 and 4 recorded by 
the ultrasonic head meters was constant. This is an 
indication that the manipulation of gates to Flumes 3 and 4 
until touching the water surface does not have an impact on 
the water surface profile at the Ha location.
Recommendations 
Flow submergence. The depth of flow in Parshall flumes 
is usually measured in the converging section upstream of 
the hydraulic jump at the location indicated as Ha. The 
drop section in the flume creates a hydraulic jump which, 
when combined with the converging approach section, leads to 
a 1:1 relationship between approach flow rate and water 
depth at Ha. If approach flow is not properly conditioned, 
or if flume operates in a submerged condition, then 
corrections to measured flow or modifications to the flume 
are necessary.
Submergence is caused either by high downstream
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tailwater conditions or by high flow rates. Under these 
conditions the water surface profile through the flume is 
modified and computations of flow rate from measurements at 
Ha will be in error unless corrections are made.
The standard method for correcting submerged flow is to 
measure water depth at a second location marked as Hb. The 
ratio Hb/Ha will be computed and compared to standardized 
flow correction diagrams or tables to correct the flow 
calculated from Ha.
Mr. Ralph Parshall developed a method for the 
correction of flow when submergence exists27. A negative 
correction to the free-flow discharge needs to be applied 
for submergence ratios exceeding 70% for flumes throat 
widths 1 to 8 feet.
The computed submerged flow is determined by the use of 
the correction diagram shown in Figure 66. This diagram is 
for a 1-foot flume, and can be applied to larger flumes by 
multiplying the correction for the 1-foot flume by the 
corresponding factor M given below. This result has to be 
subtracted from the free-flow discharge (obtained for the 
particular Ha head), in order to obtain the corrected flow 
for the flume of interest.
27 Parshall, R. L. Measuring Water in Irrigation 
Channels with Parshall Flumes and Small Weirs. U.S. 
Department of Agriculture. Circular No. 843. Washington 
D.C.: U.S. Government Printing Office. May, 1950.
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Figure 66. Diagram for computing the rate of submerged 
flow (cfs), through a 1-ft Parshall flume.28
28 Parshall, R. L. Measuring Water in Irrigation 
Channels with Parshall Flumes and Small Weirs. _ U.S. 
Department of Agriculture. Circular No. 843. Washington 
D.C.: U.S. Government Printing Office. May, 1950. p. 38.
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For flume sizes larger or smaller than the indicated 
above, other diagrams and tables apply (not included here).
Robinson (1965) developed another simple method. The 
actual or true discharge is Q whereas Q0 is the free flow 
discharge for depth Ha. The indicated discharge, Q0, with 
submergence is greater than the actual discharge. The ratio 
Q/Q0 (°r percent of free discharge) is actually a correction 
factor, which can be applied to the indicated discharge in 
order to obtain the correct discharge.
Parshall Flume 1. To solve the flow measurement 
problem at Flume 1, one could try to improve the flow 
measurements, or alter the tailwater height in the grit 
chamber.
I. To improve the flow measurements, there are three 
options:
a) Construct a stilling well for Hb measurement (see 
Figure 67). Use a staff gauge to determine Hb at low flows, 
then calculate Hb/Ha. If the Hb/Ha ratio is in the 70% - 
96% range, set up data acquisition system to continuously 
monitor Hb and supply data to SCADA system. Develop
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mathematical relationship to correct flow computed from Ha 
measurements with Hb/Ha data. One could apply the Hb/Ha 
corrections in software and display/store corrected results.
b) Compare flow measured with an integrating velocity- 
depth-area meter to indicated flow rates from flume sensor. 
Develop a calibration curve and use SCADA software to apply 
corrections to the indicated flows at Ha.
c) Permanently replace flume flow measurement with 
alternative instrument (integrating velocity-depth-area- 
meter) located upstream of existing flume. Retain flume 
hydraulic jump for mixing of flocculant for primary 
sedimentation basins.
• Options a) and b) entail the lowest cost. Option a) would 
require some modifications to existing plant. Equipment is 
available to make the measurements at Hb, so for the cost of 
creating the stilling well using the existing cavity, it 
would be possible to test Option a).
• Option b) doesn't require any physical modifications to 
current plant. One could rent the integrating velocity area 
depth meter and set it up to acquire data, then compare its 
data to data from the flume. If the SCADA system can be 
programmed to apply corrections, then the calibration curve 
from the integrating meter could be used to correct the 
flume flow data.
e Option c) requires capital cost to acquire additional flow 
measurement hardware and modifications to current plant data
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acquisition system to obtain data from new device.
• Additional detail on Option a). The stilling well should 
damp out the fluctuations of the turbulent interface and 
permit measurement by manual or ultrasonic gauge of the 
water surface height. A cavity exists on the east side of 
the flume in the concrete wall that could be connected to 
the flume by an inverted siphon or by cutting through the 
wall at near-floor level to create a passage into the 
cavity. The cavity is currently filled with several feet of 
dust that should first be removed. Also, provisions should 
be made to clean this cavity periodically, to prevent septic 
conditions resulting from anaerobic decomposition of settled 
raw sewage solids and to protect the concrete from 
corrosion. Once the passage is completed, the cavity's 
effectiveness as a stilling well could be tested using 
either a staff gauge or a portable ultrasonic sampler.
Once good Hb data are available, one can calculate 
Hb/Ha and determine the corrections from available tables. 
If corrections are needed, it might be possible to develop 
a regression equation for flow correction as function of 
Hb/Ha, Ha and Q. To report correct flows automatically, one 
would obtain on-line data at Hb, then use the regression 
equation to apply the Hb/Ha correction continuously in 
software to uncorrected flows and display the corrected 
results in the SCADA system.
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Figure 67. Detail of a stilling well.29
II. To correct the hydraulic problems caused by the 
high tailwater in the flume, one should lower the water 
surface profile in grit chamber relative to the flume. 
Options:
a) Lower the grit chamber weir. However, the grit 
chamber has a fixed concrete weir, so this can't be done 
easily.
b) To reduce approach turbulence, relocate the ISCO
29 Parshall, Ralph L. Measuring Water in Irrigation 
Channels. U.S. Department of Agriculture. Farmers Bulletin 
No 1683. Washington D.C.: U.S. Government Printing Office. 
1932. p. 16.
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flow sampling port further upstream, preferably upstream of 
flow straightening vanes.
c) Move flume uphill to higher elevation. This is 
difficult to do, requiring excavation, and construction. A 
new flume could be installed next to but slightly uphill 
from the current flume. Water could be diverted to the new 
structure when construction is complete.
When comparing cost of improvements to expected 
benefits at Flume 1, we should remember that the flume is in 
error for low flows occurring between 1 AM and 8 AM, so the 
cumulative effect of the error is probably small when total 
daily flows are considered. Because of the small incremental 
improvement in data accuracy, the least cost option for 
improvement at this flume should be considered first.
Parshall Flume 2. Flume 2 does not correctly measure 
high flows (9-20 MGD) that pass through it during most of 
the day and evening. Modifications at Flume 2 to provide 
on-line flow correction data are more extensive than at 
Flume 1 because there is no pre-existing cavity that can be 
easily converted to a stilling well. Approach flow in Flume 
2 should be conditioned with straightening vanes to provide 
a level water surface and uniform flow across the flume's 
converging section (see Figure 68).
I. To improve flow measurements in Flume 2, we have 
following option:
Add a stilling well at Ha to damp out water surface
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irregularities. No cavity currently exists, so a one would 
have to be excavated adjacent to the flume, so that cost of 
implementing this solution is higher than it would be for 
Flume 1. See Flume 1 details for discussion of design 
requirements. Hydraulic modifications to this flume are also 
necessary to help improve measurements (see II a) below).
II. To improve the hydraulic conditions, there are two 
options:
a) To correct the eddy in the expansion section and the 
standing wave at the converging section, add straightening 
vanes at the entrance to the expansion section (see Figure 
68). The vanes will foul with debris that has passed the 
bar racks, so some provision to raise the straightening 
vanes for occasional cleaning would be useful. The ISCO flow 
sampler port should be upstream of the straightening vanes 
so that the turbulence it imparts to the flow can be 
straightened out before the flow reaches the Ha sensor head.
b) As in the case for Flume 1, try to lower the 
tailwater in Flume 2. This would again require either 
modifying the overflow weir height in the Plant 2 grit 
chamber, or would entail adjusting the elevation of the 
entire flume. The latter option may lead to significant 
construction costs.
Parshall Flume 3. Flow conditions in Flume 3 can be 
corrected with help of hydraulic and measurement
improvements.
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I. To improve flow measurements in Flume 3, we have 
following options:
a) Add stilling wells at Ha and Hb to facilitate on­
line measurement. No cavity currently exists, so they would 
have to be excavated adjacent to the flume making the cost 
of implementing this solution higher than it would be for 
Flume 1. The standing wave in the throat section could be 
avoided by the use of stilling wells.
b) Once the hydraulic approach problems have been 
solved (see a) ) , and good Hb data are available from an 
automated recording device, one can log Hb data, calculate 
Hb/Ha and apply corrections, if needed, as discussed for 
Flume 1. To report correct flows automatically, apply Hb/Ha 
correction in continuously in software to uncorrected flows 
and display/store corrected result in SCADA system.
c) Use statistical techniques from a limited data set 
to develop a correction routine that could be applied 
continuously in the SCADA system. In the case of 
submergence, the assumption is made that submergence is a 
repeatable process that will occur to the same degree for 
each value of influent flow to the flume. In this method, no 
additional on-line Hb data are taken.














Figure 68. Addition of straightening vanes in diverter.
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Figure 69. Addition of straightening vanes in flumes.
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II. To improve the hydraulic conditions, two
suggestions are made:
a) A very important feature has to be added at the 
distribution section, before the flumes. The addition of 
straightening vanes in this section is recommended, so that 
the flow smoothes out well before reaching the expansion 
section and does not carry eddies and turbulence downstream 
to the sensor head (see Figure 68). The sharp edge has to 
be smoothed out so that the flow does not get disturbed. 
Additional straightening vanes could be placed before the 
converging section of the flume. The water surface profile 
would be level; the stream lines going into the throat 
section would be parallel to the flume walls, free of waves 
and surges (Figure 69) .
b) See option II. a) for Flume 2.
Parshall Flume 4. See solutions for Flume 3.
Propeller Meters. Since propeller meters are very 
sensitive to fouling, objects in the flow stream should be 
avoided by cleaning up regularly the surroundings of the 
effluent channel. Maintenance and calibration of the 
propeller meters have to be arranged on a regular basis. 
Repair of bearings, blades, shafts, and other features of 
the device should be provided.
The effluent pipe must be drained and the meters removed. 
The meters should be overhauled annually by cleaning, 
oiling, replacement of worn parts, and recalibrating. This
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can be done by mechanically inclined ditchtenders during the 
off periods30. If the propeller meters are left in place, 
they must be cleaned at least daily to remove moss and other 
debris.
The inverted siphon should be dewatered occasionally 
for inspection and for removal of undesirable objects such 
as rocks, plastic bags, and others. Algae are usually 
removed by chemicals while the channel is in use. Cracks 
and ruptures of the concrete pipe siphon must be repaired 
(i.e. by sealing with tar or epoxy).
Cleaning up of the devices and surroundings, 
calibration, and a good maintenance plan are essential to 
the durability of these measurement devices, and their good 
performance.
Conclusions
• Flows in both Flume 1 and Flume 2 are not being measured 
accurately. In Flume 1, inaccuracies occur at flow rates 
below 9 MGD. The cause of the problem appears to be high 
tailwater from the downstream grit chamber. Modifications 
to the elevations of the either the flume or the grit 
chamber are required to permanently solve the problem. A 
low cost solution, correcting the flow by using an existing 
cavity for continuous depth measurement at Hb could be
30 ASCE. Operation and Maintenance of Irrigation and 
Drainage Systems. New York: Manuals and Reports on
Engineering Practice- No. 57. 1980. p. IV-74.
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tried. Also correction for stagnant water in the flume needs 
to be made, as this leads to a non-zero flow indication in 
the SCADA system at zero flow.
In Flume 2, inaccuracies occur at flow rates exceeding 9 
MGD, and increase as flow rate goes up. Poorly conditioned 
approach flow tilts the water surface through the converging 
section of the flume where Ha is measured. This problem 
should be corrected with straightening vanes. A stilling 
well may be required to correct for turbulence and slope of 
the water surface at Ha. No-flow water depth and flow depth 
measurements at Flume 2 (Ha, Hb) should be obtained after 
the straightening vanes have been installed, because they 
may differ from the ones observed.
• Flows in both Flume 3 and 4 are probably not being 
measured accurately, due to the hydraulic anomalies across 
the channels. The values for Hb are negative at low flow 
probable due to turbulence and standing waves across the 
channel and mainly within the throat section, where 
measurements with the stickmeter were performed. One can 
notice the behavior of the water at low flow condition to be 
very non-uniform, but as the time progresses and the flow 
increases some of the roughness factors tend to disappear 
and others to increase. There is no fixed pattern or 
behavior at either flume. One can conclude only that the 
water does not flow smoothly across the flume and does not 
get uniformly distributed across the width and the depth of
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the cross section, which should be the normal condition.
Construction of stilling wells at Ha is advised at both 
flumes to damp out water surface profile turbulence, so that 
depth measurements for Ha could be more accurately made than 
at present.
Correction for no-flow water depth and flow depth 
measurements need to be made after installation of 
straightening vanes at the distribution section and at the 
expansion sections of each flume. The depths measured inside 
the flumes on February 25, 1994, are not completely
accurate, because the flumes need to be completely emptied 
and cleaned before measuring.
• Propeller meters are very sensitive to fouling. It is 
thought that they are generally not reliable flow measuring 
devices in industrial settings. Therefore, if they are 
being used to measure streams such as the effluent of a 
wastewater treatment plant, special care must be provided 
during operation and maintenance.
APPENDIX I
DATA PROVIDED BY THE CITY OF
LAS VEGAS WPCF
Flow 1990 (May - December)
Flow 1991 (January - December)
Flow 1992 (January - December)
Flow 1993 (January - June)
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CITY OF LAS VEGAS WATER POLLUTION CONTROL FACILITY
1990 COMBINED INFLUENT FLOW IN MGD (METERED')
MAY JUNE JULY AUG SEPT OCT NOV DEC
1 37.62 39.89 41.25 40.15 39.98 40.25 38.46 39.22
2 38.98 40.50 -2.15 39.76 42.21 40.54 37.74 39.90
-*jt 38.31 40.84 41.71 40.71 41.78 39.32 38.74 39.46
4 38.97 42.35 41.12 40.68 41.88 40.02 38.46 39.41
5 40.20 42.41 40.72 40.88 41.98 39.56 38.28 39.16
6 39.18 42.66 40.94 41.42 42.71 40.61 41.40 39.07
i 40.54 42.21 41.68 41.25 41.99 40.02 39.65 38.41
8 40.56 38.78 41.08 41.09 41.77 38.93 38.86 38.59
9 39.15 41.55 42.98 41.03 39.88 38.32 39.14 39.60
10 38.85 45.55 42.87 41.62 40.68 38.16 39.56 39.19
11 38.53 44.84 43.06 41.46 40.30 38.42 36.98 39.25
12 39.52 39.49 43.34 40.83 39.65 38.85 40.06 39.04
13 39.02 43.65 42.63 42.12 39.29 39.03 39.41 37.97
14 39.72 43.06 42.90 41.56 39.80 39.79 39.37 37.98
15 39.25 42.92 41.62 41.16 40.75 39.06 39.03 38.80
16 39.09 43.26 47.96 41.88 40.08 38.84 39.01 38.89
17 39.20 43.31 44.48 42.17 39.99 38.66 40.29 38.89
18 39.55 43.98 44.47 41.66 38.63 38.53 40.06 38.05
19 39.76 43.64 43.15 40.44 39.44 39.47 41.41 38.22
20 39.02 43.34 42.18 41.13 40.13 38.31 40.57 37.57
21 40.41 43.60 40.96 41.04 40.73 39.17 39.80 33.93
22 40.49 43.95 40.72 40.73 41.40 38.86 40.19 35.57
23 40.01 44.83 41.49 40.90 41.30 38.86 39.67 36.48
24 39.07 44.32 40.67 40.89 42.50 38.06 40.12 37.90
25 39.43 44.27 39.84 40.67 40.88 38.80 40.17 38.74
26 39.57 43.48 39.94 40.67 40.12 38.53 39.69 38.93
27 39.71 44.17 39.63 40.54 40.04 39.33 38.53 38.54
28 39.53 39.85 39.66 39.90 40.67 40.80 38.88 37.85
29 40.29 40.55 39.84 40.69 40.79 38.96 39.02 38.61
30 41.00 41.37 40.32 41.00 40.73 38.67 38.70 38.57
31 40.44 40.26 40.06 39.24 38.50
MIN 37.62 38.78 39.63 39.76 38.63 38.06 36.98 33.93
MAX 41.00 45.55 47.96 42.17 42.71 40.80 41.41 39.90
AVG 39.52 42.62 41.79 40.97 40.74 39.16 39.38 38.40
* NOTE: INFLUENT FLOWS WERE ADJUSTED DOWN 1.7 MGD ON JUNE 28, 1990
CITY OF LAS VEGAS WATER POLLUTION CONTROL FACILITY
1990 COMBINED EFFLUENT FLOW IN MGD (CALCULATED)
MAY JUNE JULY AUG SEPT OCT NOV DEC
1 36.28 38.39 39.22 38.37 38.38 39.44 38.28 38.94
2 38.81 39.01 40.28 37.82 40.58 39.61 37.26 38.93
j 37.14 39.36 39.99 38.93 40.16 38.23 37.56 39.29
4 37.80 40.88 39.39 39.58 40.42 38.89 37.45 39.22
5 39.03 41.07 39.03 38.54 41.08 38.44 37.17 38.94
6 38.01 41.32 39.35 39.76 41.89 39.49 41.22 38.84
7 39.37 40.87 39.98 39.45 41.27 39.21 38.38 38.21
8 39.39 37.27 39.32 39.40 40.88 37.48 37.42 38.39
9 37.98 40.02 41.32 39.44 38.79 37.24 37.87 39.30
10 37.68 44.03 40.86 39.31 39.56 37.06 38.88 39.03
11 37.36 43.70 40.99 39.88 39.11 37.35 36.77 38.01
12 38.35 36.55 41.35 38.93 38.42 37.75 39.87 38.80
13 37.85 42.39 40.76 40.14 38.02 37.86 37.84 36.87
14 38.55 41.35 41.03 39.73 38.55 38.59 37.23 37.59
15 38.08 41.14 39.71 39.67 39.47 37.85 37.00 38.59
16 37.92 41.68 46.16 40.44 38.77 37.62 38.39 38.65
17 38.03 42.16 41.66 40.59 38.59 37.52 39.80 38.70
18 38.38 42.18 44.26 40.02 37.28 37.63 39.02 37.85
19 38.59 41.60 41.24 39.13 38.16 39.21 41.25 37.95
20 37.85 41.05 40.49 39.59 38.96 37.07 40.37 36.36
21 39.24 41.29 39.20 39.42 39.93 38.02 39.63 33.61
22 39.32 41.52 39.01 39.21 41.22 37.67 40.01 35.39
23 38.84 42.64 39.87 39.33 40.88 38.67 39.46 36.25
24 37.90 40.88 39.16 39.36 41.39 37.74 39.91 37.68
25 38.26 42.78 38.19 39.18 39.77 38.10 38.96 38.51
26 38.40 42.14 38.37 39.21 39.01 37.38 39.45 38.70
27 38.54 42.42 38.05 40.02 38.93 38.38 37.10 38.34
28 38.36 38.10 37.93 39.38 39.94 40.60 37.25 37.64
29 39.12 38.65 38.27 38.99 40.62 38.54 37.42 38.41
30 39.83 41.10 3S.61 39.38 40.59 36.96 37.22 38.38
31 39.27 38.37 38.32 38.30
MIN 36.28 36.55 37.93 37.82 37.28 36.96 36.77 33.61
MAX 39.83 44.03 46.16 40.59 41.89 40.60 41.25 39.30
AVG 38.37 40.92 -10.05 39.37 39.69 38.19 38.51 38.05
CITY OF LAS VEGAS WATER POLLUTION CONTROL FACILITY
1990 TOTAL REUSE FLOW IN MGD (CALCULATED)
1 MAY JUNE JULY 1 AUG SEPT OCT NOV DEC
1 1.31 1.79 1.58 1.44 0.69 0.00 0.10
"> 1.31 1.63 1.74 1.47 0.80 0.30 0.82
3 1.31 1.50 1.57 1.47 0.95 0.99 0.00
4 1.31 1.54 0.91 1.29 0.98 0.87 0.00
5 1.17 1.50 2.14 0.72 0.96 0.94 0.00
6 1.19 1.40 1.47 0.65 0.95 0.01 0.00
7 1.15 1.51 1.63 0.58 0.62 1.11 0.00
8 1.34 1.57 1.52 0.72 1.27 1.23 0.00
9 1.34 1.46 1.42 0.94 0.90 1.05 0.13
10 1.34 1.80 2.12 0.98 0.95 0.49 0.00
11 0.94 1.88 1.42 1.05 0.96 0.02 1.04
12 2.77 1.78 1.74 1.06 0.95 0.00 0.03
13 1.07 1.68 1.81 1.09 0.97 1.37 0.89
14 1.52 1.67 1.67 1.09 0.92 1.95 0.00
15 1.57 1.70 1.32 1.09 0.95 1.82 0.00
16 1.38 1.57 1.26 1.11 0.97 0.41 0.00
17 0.93 2.62 1.39 1.20 0.92 0.28 0.00
18 1.61 0.00 1.48 1.18 0.67 0.85 0.00
19 1.84 1.68 1.15 1.11 0.02 0.00 0.05
20 2.05 1.48 1.36 1.00 1.08 0.00 0.98
21 2.05 1.49 1.44 0.65 0.93 0.00 0.09
22 2.17 1.43 1.33 0.00 0.99 0.00 0.00
23 1.99 1.36 1.38 0.27 0.00 0.00 0.00
24 3.25 1.28 1.34 0.95 0.16 0.00 0.00
25 1.31 1.42 1.32 0.96 0.51 0.99 0.00
26 1.15 1.34 1.30 0.97 0.96 0.00 0.00
27 1.53 1.37 0.36 0.95 0.78 1.20 0.00
28 1.53 1.52 0.37 0.55 0.00 1.40 0.00
29 1.64 1.36 1.55 0.00 0.23 1.41 0.00
30 0.00 1.50 1.43 0.00 1.53 1.32 0.00
31 1.69 1.57 0.00
MIN 0.00 0.00 0.36 0.00 0.00 0.00 0.00
MAX 3.25 2.62 2.14 1.47 1.53 1.95 1.04
AVG 1.50 1.53 1.42 0.88 0.78 0.67 0.13
CITY OF LAS VEGAS WATER POLLUTION CONTROL FACILITY





I 37.87 35.42 40.82 14.54 15.18 9.88
37.97 35.93 39.52 14.62 15.35 9.02
-I 37.56 36.69 39.26 14.65 15.28 9.09
4 37.44 36.64 59.56 14.71 15.20 9.06
5 37.62 36.24 39.41 14.32 14.74 9.06
6 37.60 36.86 38.69 14.80 15.88 9.58
7 37.78 36.98 37.33 15.44 14.99 8.92
8 37.24 36.83 37.30 14.49 15.05 9.07
9 37.10 37.04 36.48 14.16 14.74 8.99
10 37.14 37.23 38.21 13.84 14.37 8.94
11 37.15 37.52 36.86 13.23 13.96 8.60
12 38.09 37.66 34.06 13.30 14.13 8.67
13 37.61 37.29 33.65 13.66 14.68 8.78
14 37.88 39.03 38.95 14.01 15.38 8.82
15 37.43 37.03 35.81 14.48 15.05 12.04
16 37.07 39.10 37.20 14.35 14.90 9.01
17 37.14 37.83 37.87 14.16 13.34 8.04
18 36.85 38.30 37.77 13.83 14.65 8.93
19 37.10 37.54 37.29 13.04 14.02 9.95
20 36.84 36.47 37.34 13.34 14.13 10.92
21 37.26 37.31 36.28 13.16 14.04 10.81
22 36.05 37.11 37.69 13.31 14.25 10.67
23 35.22 38.36 38.67 13.58 14.15 10.68
24 35.61 37.95 37.69 13.76 14.46 10.99
25 35.50 38.13 38.03 12.73 13.53 9.59
26 36.09 37.32 37.91 12.51 13.43 10.53
27 36.18 36.49 41.39 13.36 14.14 9.91
28 36.10 41.78 41.14 13.17 13.90 10.63
29 34.27 36.31 13.06 13.79 10.62
30 35.04 40.80 12.74 13.41 10.62
31 35.22 35.62
MIN 34.27 35.42 53.65 12.51 13.34 8.04
MAX 38.09 41.78 41.39 15.44 15.88 12.04
AVG 36.81 37.43 37.90 13.81 14.47 9.68
** STARTING IN APRIL METERED INFLUENT FLOWS 









1 12.71 1 3.34 i0.62 14.17 14.91 10.18 14.49 14.71 10.67 *
*■> 12.21 13.12 10.48 14.24 14.90 10.09 14.73 14.83 10.75 *
12.77 13.67 10.62 15.06 15.43 10.58 14.74 14.85 10.89 *
4 12.93 13.91 10.64 14.91 14.95 10.50 14.81 14.87 10.89 *
5 13.09 14.06 10.82 14.71 14.89 10.52 15.10 14.86 10.96 *
6 13.35 14.06 10.89 14.94 15.42 10.60 15.63 15.31 11.03 *
7 13.77 13.44 10.74 14.62 15.34 10.43 15.32 15.05 10.86 *
8 13.88 14.36 10.40 14.65 15.18 10.44 15.87 14.61 10.36 *
9 13.17 13.85 10.13 14.45 14.85 10.41 15.83 15.70 10.88 *
10 12.42 13.54 9.86 14.66 15.15 13.65 15.42 15.53 10.90 4c
11 13.15 14.24 10.01 14.79 15.17 8.41 14.81 14.79 10.77 4c
12 13.10 13.70 9.93 14.88 15.04 10.57 15.12 15.03 10.84 4c
13 13.59 14.19 10.18 14.67 14.80 10.60 15.24 15.17 1 1.01 *
14 13.08 13.86 10.04 14.56 14.67 10.50 15.23 15.28 11.05 4<
15 13.33 14.16 10.15 14.62 14.72 10.51 15.53 15.69 11.11 *
16 13.33 14.15 10.17 14.47 14.51 10.62 15.05 15.39 11.01 *
17 13.65 14.24 10.31 15.10 15.14 10.71 13.57 14.44 10.93 *
18 13.40 14.13 10.06 14.74 15.02 10.61 13.56 15.20 10.48 1.92
19 13.44 14.28 10.13 14.39 14.57 10.57 11.95 14.34 9.26 3.79
20 13.42 14.40 8.65 14.23 14.40 10.55 12.57 14.03 9.33 4.41
21 14.04 14.81 10.22 14.20 14.44 10.56 12.38 13.92 9.19 4.37
22 13.37 14.32 10.02 14.12 14.43 10.49 12.11 13.80 9.97 5.84
23 13.73 14.56 10.28 14.11 14.47 10.65 11.41 13.27 10.03 7.89
24 13.85 12.75 10.39 14.34 14.65 10.48 11.10 12.71 11.15 7.74
25 14.70 15.14 10.56 14.11 14.41 10.42 11.19 12.46 10.27 9.94
26 14.40 14.94 10.58 13.96 14.30 10.36 11.23 12.98 9.99 7.79
27 14.19 14.74 10.43 13.86 14.06 10.29 10.81 12.03 9.06 8.46
28 14.17 14.83 10.47 14.28 14.43 10.30 10.93 12.44 9.35 8.77
29 14.13 14.70 10.52 14.54 14.51 10.46 11.42 12.95 9.67 9.34
30 13.34 13.94 10.79 14.49 14.71 10.67 9.94 1 1.63 10.96 10.25
31 11.68 12.66 10.02 9.51 10.98 11.79 11.27
MIN 11.68 12.66 8.65 13.86 14.06 8.41 9.51 10.98 9.06 0.00
MAX 14.70 15.14 10.89 15.10 15.43 13.65 15.87 15.70 11.79 11.27
AVG 13.40 14.07 10.29 14.50 14.78 10.52 13.44 14.16 10.50 3.28
* PLANT 4 STARTED UP ON JULY 18. 1991.
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CITY OF LAS VEGAS WATER POLLUTION CONTROL FACILITY
1991 COMBINED INFLUENT FLOW IN MGD (METERED)**
AUGUST SEPTEMBER OCTOBER
#1 -2 43 44 41 43 #4 #1 #3 #4
1 10.04 11.52 1 1.80 ! 1.15 12.21 15.39 14.12 11.81 13.43 13.52
o 9.59 11.16 1 1.32 10.78 12.68 16.33 15.28 11.32 12.99 13.18
3 9.79 1 1.45 1 1.48 10.97 12.34 14.68 14.44 11.28 13.28 13.39
4 9.34 11.25 11.38 10.80 11.69 14.55 14.50 11.07 12.87 13.01
5 9.24 11.36 1 1.38 10.76 11.88 14.61 13.68 11.30 12.78 12.84
6 9.23 11.58 1 1.52 10.89 12.09 14.63 15.24 11.41 12.83 12.68
7 7.99 10.07 12.26 11.86 12.57 14.67 13.44 11.67 13.23 13.38
8 8.61 6.76 13.93 13.16 12.49 14.49 14.18 11.25 12.92 13.06
9 9.83 5.52 14.62 13.34 12.41 14.93 14.37 11.38 13.01 13.04
10 43.38 < ** *** *** 11.73 15.21 13.40 11.48 13.30 13.18
11 43.70 *** *** 11.00 14.60 13.39 11.24 12.85 13.03
12 10.40 5.95 15.02 13.85 10.97 13.71 12.63 11.71 13.02 13.12
13 11.51 5.67 14.97 13.87 11.31 13.97 12.96 11.96 13.23 13.36
14 12.49 1.09 15.66 14.38 11.68 14.38 13.09 11.79 13.12 13.25
15 12.54 * 15.79 14.60 11.67 14.32 13.21 11.11 12.83 12.87
16 12.39 * 15.60 14.43 11.35 14.17 13.03 11.42 13.25 13.17
17 12.52 * 15.62 14.53 11.46 14.22 13.04 11.06 12.88 12.85
18 12.23 15.55 14.37 11.48 14.79 13.18 11.11 12.89 12.89
19 12.41 •jc 15.73 14.64 11.53 13.83 13.17 11.63 13.07 12.97
20 11.91 * 15.43 14.25 11.58 14.27 13.05 11.50 13.00 12.91
21 11.51 * 15.61 14.56 12.27 14.65 13.35 11.36 12.97 13.02
22 11.95 * 15.57 14.45 12.25 14.59 13.34 11.14 12.81 12.76
23 12.15 £ 15.81 14.59 12.27 14.50 13.39 10.31 11.98 11.84
24 12.56 * 16.05 14.74 11.97 14.41 13.15 11.00 12.47 12.54
25 12.57 * 16.06 14.75 11.69 14.12 12.96 11.12 12.56 12.59
26 12.73 * 15.95 14.69 12.52 13.91 12.60 11.54 12.82 12.73
27 12.75 * 16.05 14.79 11.86 13.52 13.67 11.74 12.86 13.26
28 11.84 * 15.60 14.01 12.13 13.63 13.58 10.70 12.02 12.25
29 11.50 14.83 13.91 12.06 13.41 13.47 10.89 12.09 12.26
30 11.46 < 15.33 14.10 12.11 13.61 13.71 10.51 11.57 11.84
31 12.07 15.29 1 3.89 10.82 ! 1.81 11.95
MIN 7.99 1.09 0.00 0.00 10.97 13.41 12.60 10.31 1 1.57 11.84
MAX 12.75 11.58 16.06 14.79 12.68 16.33 15.28 11.96 13.43 13.52
AVG 11.21 3.33 13.59 12.62 11.91 14.40 13.55 1 1.28 12.80 12.86
* PLANT 2 SHUT DOWN ON AUGUST 14. 1991. 
*** ESTIMATED-METERS NOT WORKING
CITY OF LAS VEGAS WATER POLLUTION CONTROL FACILITY






1 10.34 i 1.66 1 1.77 1 1.61 12.10 12.23
0 11.37 12.29 12.28 11.29 11.86 12.03
11.35 12.34 12.44 11.16 12.00 12.11
4 11.00 12.14 12.26 11.00 11.97 11.98
5 10.96 i 2.31 12.37 11.90 11.79 11.67
6 10.93 12.38 12.48 13.09 11.39 11.21
7 11.00 12.48 12.56 13.63 11.49 I 1.39
8 10.86 12.41 12.45 13.73 11.70 11.62
9 11.23 12.52 12.49 13.64 11.94 11.72
10 11.30 12.61 12.60 12.69 11.62 11.45
11 11.62 12.72 12.69 13.31 11.02 10.75
12 11.01 12.57 12.61 12.95 11.38 11.22
13 10.37 12.01 12.21 13.18 11.94 11.41
14 10.50 11.88 12.37 13.56 13.17 12.81
15 11.01 12.66 13.31 13.24 13.10 12.58
16 11.27 12.74 13.28 13.42 13.16 12.81
17 11.59 12.86 13.36 13.47 13.52 13.15
18 11.85 13.03 13.60 12.74 13.25 12.82
19 11.00 12.86 13.17 12.69 13.25 12.80
20 10.64 12.75 12.90 13.02 13.37 12.91
21 11.54 12.28 12.31 13.13 13.36 12.86
22 13.43 11.66 1 1.63 11.98 12.42 12.00
23 14.27 11.57 11.55 13.12 13.34 12.90
24 13.49 11.43 11.46 13.71 13.43 13.01
25 13.21 11.47 11.39 12.05 12.88 12.39
26 13.71 11.51 11.40 13.11 13.19 12.74
27 14.04 11.75 11.65 13.97 13.54 13.07
28 12.90 12.12 12.14 13.81 13.28 12.86
29 11.39 11.97 12.10 12.72 13.47 12.32
30 13.13 I  ̂ ->t, 12.44 14.22 12.86 12.56
31 12.89 13.06 12.64
MIN 10.34 ; 1.43 1 1.39 11.00 11.02 10.75
MAX 14.27 13.03 13.60 14.22 13.54 13.15
AVG 1 1.74 12.24 12.38 12.90 12.58 12.26
CITY OF LAS VEGAS WATER POLLUTION CONTROL FACILITY
1991 COMBINED EFFLUENT FLOW IN MGD (CALCULATED)
JAN FEB MAR 1 APR MAY JUNE
I 36.62 33.77 59.31 38.14 33.79 37.74
-> 37.78 34.23 38.04 36.62 33.86 37.67
3 37.38 35.09 37.76 37.21 34.60 38.85
4 37.23 55.04 58.06 36.61 34.86 37.73
5 37.41 33.74 37.88 36.43 35.90 38.55
6 37.39 35.16 37.17 38.80 35.82 38.67
37.57 35.37 35.82 37.89 35.26 37.19
8 37.05 34.25 35.76 36.09 37.04 37.75
9 36.88 34.69 34.96 35.09 34.76 37.26
10 36.93 35.65 56.72 35.71 33.20 40.83
11 36.93 35.94 35.37 34.34 34.80 35.71
12 37.85 36.10 32.59 33.67 34.83 37.21
13 36.38 35.72 32.18 35.55 35.73 37.01
14 36.79 36.63 37.51 36.79 34.48 37.13
15 37.20 35.33 34.36 39.96 35.83 38.24
16 36.85 37.53 35.76 35.72 35.05 36.83
17 36.89 36.19 36.44 33.10 35.49 38.11
18 36.60 35.72 36.30 35.62 35.02 37.66
19 36.82 35.17 35.72 34.63 36.21 36.88
20 36.54 34.89 35.76 35.88 33.79 36.50
21 37.01 35.75 34.69 35.74 36.44 36.52
22 35.83 35.50 36.23 35.84 36.03 36.39
23 34.92 36.80 37.22 36.78 35.90 36.60
24 35.27 36.27 36.23 36.77 34.30 36.82
25 35.25 35.56 36.55 33.37 38.68 36.33
26 35.79 34.87 36.38 34.71 38.36 35.92
27 34.93 34.97 39.89 35.04 36.85 35.66
28 35.75 40.18 39.72 35.35 36.93 36.32
29 33.93 34.87 35.77 37.54 36.88
30 34.69 39.36 34.64 36.53 37.29
31 34.14 32.82
MIN 33.93 53.74 32.18 33.10 32.82 35.66
MAX 37.85 40.18 39.89 39.96 38.68 40.83
AVG 36.48 35.57 36.41 35.93 35.51 37.28
CITY OF LAS VEGAS WATER POLLUTION CONTROL FACILITY
1991 COMBINED EFFLUENT FLOW IN MGD (CALCULATED)
JULY AUG SEPT OCT NOV DEC
1 37.27 42.10 -0.33 36.76 31.49 33.74
37.06 40.61 -2.89 35.29 33.55 32.79
3 36.86 40.49 -0.07 36.63 34.44 32.11
4 36.91 40.2S 39.30 34.64 34.06 32.67
5 37.39 40.75 38.73 35.36 33.58 34.11
6 39.32 40.24 -0.54 34.97 34.47 34.48
7 39.29 38.98 39.31 36.64 34.70 35.34
.8 39.12 39.22 39.78 34.86 33.40 34.96
9 38.94 40.08 40.32 34.83 34.78 36.04
10 38.51 41.11 37.99 35.36 35.16 34.55
11 36.98 41.37 37.58 34.92 35.18 33.91
12 37.63 42.91 35.94 35.61 34.81 34.36
13 39.00 43.02 36.88 37.01 33.22 35.33
14 39.34 41.37 37.00 36.88 32.54 37.43
15 40.77 40.43 37.78 34.57 34.71 35.41
16 39.83 40.84 36.60 36.29 35.92 38.15
17 37.13 41.08 36.88 35.46 36.44 38.92
18 38.76 40.57 37.03 33.72 37.11 37.60
19 36.60 41.22 36.59 35.44 35.66 37.52
20 37.69 40.02 36.95 35.50 34.90 37.11
21 37.19 39.55 37.96 35.01 34.02 38.08
22 39.00 39.36 37.89 35.39 35.20 35.18
23 39.87 39.06 37.79 32.79 36.04 38.14
24 39.12 40.96 36.44 34.19 35.05 38.94
25 40.23 41.33 37.28 34.75 34.10 36.11
26 39.37 41.72 36.92 35.84 34.29 37.86
27 38.17 42.09 37.28 35.73 36.02 39.39
28 39.04 39.94 37.27 33.48 35.80 38.77
29 40.91 38.73 36.60 33.98 34.10 37.32
30 39.37 39.33 37.90 32.66 36.43 38.46
31 41.38 39.68 33.30 37.40
MIN 36.60 38.73 35.94 32.66 31.49 32.11
M A X 41.38 43.02 42.89 37.01 37.11 39.39
AVG 38.65 40.60 38.06 35.09 34.71 36.20
CITY OF LAS VEGAS WATER POLLUTION CONTROL FACILITY
1991 TOTAL REUSE FLOW IN MGD (CALCULATED!
JAN FEB MAR APR MAY JUNE
1 0.000 0.000 0.000 0.000 1.378 0.000
0 0.000 0.000 0.000 0.870 0.403 0.000
3 0.000 0.000 0.000 0.262 0.936 0.661
4 0.000 0.068 0.000 0.873 1.069 1.084
5 0.000 0.937 0.000 0.214 0.485 0.034
6 0.000 0.083 0.000 0.000 0.986 0.738
n1 0.000 0.065 0.000 0.000 1.051 1.635
8 0.000 1.015 0.002 1.054 0.033 0.937
9 0.000 0.782 0.001 1.335 0.854 0.905
10 0.000 0.000 0.000 0.000 1.093 1.087
11 0.000 0.000 0.000 0.000 1.091 1.122
12 0.000 0.000 0.001 0.973 0.404 1.738
13 0.979 0.000 0.001 0.154 0.757 1.528
14 0.864 0.817 0.000 0.000 0.981 1.040
15 0.000 0.073 0.000 0.122 0.258 0.032
16 0.000 0.000 0.000 1.012 1.052 1.218
17 0.000 0.070 0.000 1.011 1.134 1.266
18 0.000 0.992 0.000 0.322 1.000 1.152
19 0.000 0.836 0.001 0.953 0.047 1.080
20 0.000 0.000 0.000 1.079 1.144 1.097
21 0.000 0.000 0.000 0.896 1.091 1.109
22 0.000 0.000 0.001 0.986 0.094 1.064
23 0.000 0.000 0.000 0.216 1.049 1.038
24 0.000 0.108 0.000 0.986 1.128 1.126
25 0.000 0.996 0.001 0.977 0.167 1.051
26 0.000 0.935 0.001 0.273 0.028 1.093
27 0.951 0.000 0.000 0.937 0.948 0.995
28 0.003 0.000 0.000 0.889 0.959 1.104








MIN 0.000 0.000 0.000 0.000 0.014 0.000
MAX 0.979 1.015 0.002 1.335 1.378 1.738
AVG 0.093 0.278 0.000 0.580 0.706 0.967
CITY OF LAS VEGAS WATER POLLUTION CONTROL FACILITY
1991 TOTAL REUSE FLOW IN MGD (CALCULATED)
JULY AUG SEPT OCT NOV DEC
1 1.057 0.871 0.015 0.706 0.942 0.977
1.724 0.713 0.015 0.931 1.057 1.177
> 2.061 1.701 0.000 0.054 0.333 1.986
4 2.017 1.026 0.000 1.005 0.000 1.100
5 1.908 0.494 0.001 0.247 0.000 0.053
6 1.132 1.500 0.000 0.676 0.000 0.000
7 0.413 1.686 0.000 0.326 0.000 0.000
8 0.217 1.731 0.000 1.058 0.961 0.904
9 1.969 1.734 0.003 1.296 0.088 0.072
10 1.810 0.743 0.923 1.287 0.000 0.000
11 1.779 0.757 0.001 0.871 0.493 0.001
12 1.769 0.748 0.000 0.901 0.001 0.000
13 0.869 1.501 0.007 0.228 0.000 0.000
14 0.654 0.721 0.806 0.002 0.847 0.874
15 0.022 0.932 0.053 0.908 0.949 2.284
16 0.019 0.016 0.562 0.197 0.000 0.000
17 0.230 0.000 0.460 0.001 0.000 0.000
18 0.791 0.000 1.033 1.827 0.000 0.000
19 1.111 0.012 0.539 0.952 0.000 0.000
20 1.028 0.016 0.562 0.609 0.000 0.962
21 1.053 0.539 0.939 1.016 0.755 0.035
22 1.074 1.007 0.928 0.020 0.153 0.000
23 1.076 1.909 0.962 0.069 0.000 0.000
24 1.965 0.810 1.747 0.543 0.000 0.000
25 2.026 0.446 0.106 0.230 0.590 0.000
26 1.008 0.099 0.719 0.000 0.962 0.000
27 0.657 0.000 0.400 0.865 0.073 0.000
28 0.960 0.000 0.664 0.215 0.000 0.000
29 0.997 0.005 0.937 0.001 0.000 0.000
30 1.886 0.002 0.132 0.000 0.000 0.000
31 0.641 0.003 0.000 0.000
MIN 0.019 0.000 0.000 0.000 0.000 0.000
MAX 2.061 1.909 1.747 1.827 1.057 2.284
AVG 1.159 0.701 0.417 0.550 0.273 0.336
CITY OF LAS VEGAS WATER POLLUTION CONTROL FACILITY
1991 ESTIMATED EVAPORATION IN MGD______
JAN FEB MAR APR MAY JUNE
1 1.065 1.286 1.226 1.267 1.367 1.367
1.065 1.286 1.226 1.267 1.367 1.367
3 1.065 1.286 1.226 1.267 1.367 1.367
4 1.065 1.286 1.226 1.267 1.367 1.367
5 1.065 1.286 1.226 1.267 1.367 1.367
6 1.065 1.286 1.226 1.267 1.367 1.367
7 1.065 1.286 1.226 1.267 1.367 1.367
8 1.065 1.286 1.226 1.267 1.367 1.367
9 1.065 1.286 1.226 1.267 1.367 1.367
10 1.065 1.286 1.226 1.267 1.367 1.367
11 1.065 1.286 1.226 1.267 1.367 1.367
12 1.065 1.286 1.226 1.267 1.367 1.367
13 1.065 1.286 1.226 1.267 1.367 1.367
14 1.065 1.286 1.226 1.267 1.367 1.367
15 1.065 1.286 1.226 1.267 1.367 1.367
16 1.065 1.286 1.226 1.267 1.367 1.367
17 1.065 1.286 1.226 1.267 1.367 1.367
18 1.065 1.286 1.226 1.267 1.367 1.367
19 1.065 1.286 1.226 1.267 1.367 1.367
20 1.065 1.286 1.226 1.267 1.367 1.367
21 1.065 1.286 1.226 1.267 1.367 1.367
22 1.065 1.286 1.226 1.267 1.367 1.367
23 1.065 1.286 1.226 1.267 1.367 1.367
24 1.065 1.286 1.226 1.267 1.367 1.367
25 1.065 1.286 1.226 1.267 1.367 1.367
26 1.065 1.286 1.226 1.267 1.367 1.367
27 1.065 1.286 1.226 1.267 1.367 1.367
28 1.065 1.286 1.226 1.267 1.367 1.367
29 1.065 1.226 1.267 1.367 1.367
30 1.065 1.226 1.267 1.367 1.367
31 1.065 1.226 1.367
CITY OF LAS VEGAS WATER POLLUTION CONTROL FACILITY
1991 ESTIMATED EVAPORATION IN MGD_______
1 JULY AUG SEPT OCT NOV DEC
] 1.367 1.367 1.200 1.133 1.200 1.065
T 1.367 1.367 1.200 1.133 1.200 1.065
3 1.367 1.367 1.200 1.133 1.200 1.065
4 1.367 1.367 1.200 1.133 1.200 1.065
5 1.367 1.367 1.200 1.133 1.200 1.065
6 1.367 1.367 1.200 1.133 1.200 1.065
/ 1.367 1.367 1.200 1.133 1.200 1.065
S 1.367 1.367 1.200 1.133 1.200 1.065
9 1.367 1.367 1.200 1.133 1.200 1.065
10 1.367 1.367 1.200 1.133 1.200 1.065
11 1.367 1.367 1.200 1.133 1.200 1.065
12 1.367 1.367 1.200 1.133 1.200 1.065
13 1.367 1.367 1.200 1.133 1.200 1.065
14 1.367 1.367 1.200 1.133 1.200 1.065
15 1.367 1.367 1.200 1.133 1.200 1.065
16 1.367 1.367 1.200 1.133 1.200 1.065
17 1.367 1.367 1.200 1.133 1.200 1.065
18 1.367 1.367 1.200 1.133 1.200 1.065
19 1.367 1.367 1.200 1.133 1.200 1.065
20 1.367 1.367 1.200 1.133 1.200 1.065
21 1.367 1.367 1.200 1.133 1.200 1.065
22 1.367 1.367 1.200 1.133 1.200 1.065
23 1.367 1.367 1.200 1.133 1.200 1.065
24 1.367 1.367 1.200 1.133 1.200 1.065
25 1.367 1.367 1.200 1.133 1.200 1.065
26 1.367 1.367 1.200 1.133 1.200 1.065
27 1.367 1.367 1.200 1.133 1.200 1.065
28 1.367 1.367 1.200 1.133 1.200 1.065
29 1.367 1.367 1.200 1.133 1.200 1.065
30 1.367 1.367 1.200 1.133 1.200 1.065
31 1.367 1.367 1.133 1.065
CITY OF LAS VEGAS WATER POLLUTION CONTROL FACILITY








1 1 1.80 12.42 9.37 14.70 11.14 9.89 14.94 12.35 14.48
1 8.65 12.72 5.57 14.86 11.29 10.28 16.93 12.75 14.58
3 8.52 12.69 6.43 14.61 12.33 9.67 14.26 12.87 13.43
4 8.74 12.77 6.07 13.66 12.04 8.78 12.55 13.73 13.52
5 11.77 12.89 9.21 14.03 11.63 9.15 14.54 12.85 12.29
6 13.55 13.57 9.20 14.10 11.98 9.36 12.10 13.76 13.13
7 13.89 13.06 8.88 15.96 12.78 10.13 13.64 14.52 15.40
8 13.37 12.72 8.59 14.99 12.15 10.49 16.42 16.55 17.00
9 12.96 12.44 7.93 15.81 11.99 10.47 13.43 14.78 14.78
10 13.13 12.73 8.35 13.66 13.17 8.38 12.69 14.46 14.34
11 13.08 12.98 8.77 12.11 12.86 8.09 14.22 14.47 14.18
12 12.78 13.36 8.59 14.81 13.44 10.13 12.46 14.40 13.72
13 12.33 13.41 7.77 16.19 15.18 11.11 12.92 14.63 14.46
14 12.26 12.91 7.80 13.05 13.59 8.06 13.88 14.73 15.62
15 13.07 12.50 8.19 13.76 13.68 9.41 14.13 14.50 16.21
16 12.57 12.35 7.58 14.08 13.48 9.08 14.42 14.02 14.66
17 12.94 12.55 7.98 14.79 13.39 9.63 13.71 13.91 13.89
18 13.20 12.57 8.76 14.72 11.95 9.15 14.12 13.79 14.26
19 11.75 12.99 7.88 12.99 12.10 8.13 13.97 13.64 14.23
20 12.30 13.63 8.04 13.20 13.43 8.24 14.07 13.64 13.51
21 11.65 12.61 7.35 13.16 13.52 8.16 14.56 13.80 14.31
22 12.25 12.44 7.79 14.23 13.67 9.15 14.43 14.11 15.37
23 12.28 12.48 7.66 14.19 13.62 9.60 14.27 14.49 14.56
24 12.43 12.49 7.63 14.01 13.49 8.80 13.03 14.42 14.08
25 13.53 12.81 8.94 13.68 13.56 8.74 12.72 13.81 14.64
26 12.43 12.49 7.63 13.54 13.23 8.45 12.86 13.43 14.93
27 13.54 12.88 8.32 15.17 12.20 10.05 19.40 15.89 19.89
28 13.45 12.58 8.75 13.28 12.56 8.27 14.60 14.51 15.36
29 14.09 12.09 9.10 15.42 12.16 9.80 16.39 14.81 17.40
30 13.81 11.99 8.71 18.67 14.39 16.85
31 13.26 12.22 8.66 18.19 15.99 16.20
MIN 8.52 11.99 5.57 12.11 1 1.14 8.06 12.10 12.35 12.29
MAX 14.09 13.63 9.37 16.19 15.18 11.11 19.40 16.55 19.89
AVG 12.43 12.72 8.11 14.23 12.81 9.26 14.47 14.19 14.88
236
CITY OF LAS VEGAS WATER POLLUTION CONTROL FACILITY
1992 COMBINED INFLUENT FLOW IN MGD (METERED')*
APRIL MAY JUNE
#1 #3 -4 #1 #3 #4 #1 #2 #3 #4
1 14.24 15.57 15.19 19.13 12.81 15.16 14.91 8.26 12.04 13.47
13.86 15.40 14.44 19.15 10.89 15.85 12.85 11.49 11.61 12.13
** 13.95 15.59 14.95 18.83 12.51 16.47 10.97 12.69 10.46 10.81
4 14.91 15.81 16.71 19.29 12.21 16.17 10.99 13.03 11.10 10.73
13.85 14.88 15.66 18.96 12.01 16.01 11.21 12.78 11.07 10.74
6 14.32 15.45 15.21 18.95 12.23 15.44 10.81 12.09 10.58 10.73
/ 15.39 15.14 16.03 19.02 11.84 15.64 10.54 11.87 10.62 10.95
8 16.76 14.02 15.65 19.41 11.97 15.70 10.74 12.12 10.82 10.26
9 16.51 13.77 14.46 19.85 12.20 16.34 10.49 12.27 10.27 9.91
10 16.86 14.19 15.46 18.98 11.90 16.27 10.28 12.38 9.59 10.52
11 15.47 14.76 15.58 19.58 12.19 16.09 10.19 12.10 9.60 10.48
12 14.70 15.06 15.19 16.59 14.35 15.04 10.04 11.99 9.47 10.19
13 15.17 15.67 14.86 14.98 11.62 13.44 9.79 11.99 9.37 10.09
14 15.21 14.87 15.37 14.11 11.29 12.72 9.51 11.52 9.20 9.55
15 15.11 13.85 15.25 14.44 11.66 12.95 9.75 11.59 9.24 9.94
16 14.99 14.36 14.96 14.68 11.64 14.19 9.78 11.49 9.39 9.80
17 14.87 14.51 15.04 14.16 11.43 13.48 9.70 11.52 9.35 9.60
18 15.24 14.67 16.00 14.40 11.73 13.66 10.00 11.98 9.63 10.11
19 14.52 14.41 15.89 14.13 11.65 13.34 9.68 11.73 9.36 10.00
20 14.57 14.26 15.69 14.01 11.60 13.03 9.73 11.91 9.39 10.48
21 14.39 14.11 14.79 13.71 11.44 12.81 9.76 11.97 9.39 10.27
22 15.67 13.32 15.65 14.09 11.55 13.33 10.07 12.23 9.69 10.07
23 17.24 12.86 14.88 14.99 11.93 13.74 10.23 12.44 9.74 10.51
24 17.58 12.57 15.66 14.42 11.63 13.63 10.14 12.25 9.62 10.24
25 17.72 12.37 16.56 15.14 11.83 13.72 10.15 12.14 9.59 10.02
26 18.31 12.72 17.31 14.32 11.87 12.74 10.15 12.05 10.03 10.19
27 19.60 12.29 15.53 14.18 11.57 12.67 10.41 12.47 9.64 10.85
28 19.85 11.94 16.68 14.36 11.75 12.89 10.34 12.40 9.67 11.07
29 19.52 12.34 16.22 14.15 11.50 12.49 10.43 12.31 9.75 10.33
30 19.99 12.13 15.77 14.68 11.80 13.97 9.99 11.68 9.42 10.27
31 14.66 11.87 14.02
MIN 13.85 11.94 14.44 13.71 10.89 12.49 9.51 8.26 9.20 9.55
MAX 19.99 15.81 17.31 19.85 14.35 16.47 14.91 13.03 12.04 13.47
AVG 16.01 14.10 15.55 16.17 11.88 14.29 10.45 11.96 9.96 10.48
* PLANT 2 STARTED UP ON MAY 21. 1992. HOW EVER ITS 
INFLUENT FLOW METER WAS NOT WORKING UNTIL JUNE.
CITY OF LAS VEGAS WATER POLLUTION CONTROL FACILITY
1992 COMBINED INFLUENT FLOW IN MGD (METERED)*
JULY AUGUST
#1 #2 #3 #4 #1 #2 #3 #4
1 10.08 11.87 9.47 9.87 10.30 12.96 10.36 10.73
2 10.06 12.05 9.39 10.33 10.81 13.15 9.86 10.27
-* 10.18 12.35 9.56 10.60 10.84 13.33 9.92 10.35
4 10.31 12.52 9.53 10.71 11.07 13.61 10.19 10.58
5 10.34 12.49 9.61 10.89 10.65 13.01 9.96 10.28
6 10.61 12.58 9.95 10.76 10.32 12.51 9.61 9.85
7 10.65 12.11 9.72 10.48 10.75 13.11 9.88 10.13
8 10.36 12.36 9.65 10.51 11.06 13.37 10.12 10.42
9 10.51 12.74 9.51 10.53 10.99 13.21 9.89 10.30
10 10.88 13.25 9.72 10.50 10.66 12.99 9.71 10.12
11 10.79 13.10 9.71 10.99 11.03 13.46 10.07 10.45
12 10.51 12.42 9.52 10.92 11.12 13.63 10.15 10.54
13 10.81 12.48 9.69 10.70 11.07 13.63 10.11 10.50
14 10.78 12.52 9.61 10.36 11.01 13.58 10.04 10.36
15 10.68 10.85 9.65 10.86 11.20 13.76 10.15 10.52
16 10.85 12.90 9.85 11.08 11.31 13.95 10.11 10.58
17 10.79 12.93 9.75 10.86 11.25 13.99 10.13 10.60
18 10.17 12.85 10.19 11.43 11.23 13.82 9.60 10.65
19 9.83 12.20 10.35 11.23 11.06 13.73 11.94 8.75
20 9.93 12.31 10.58 10.99 10.46 13.05 11.22 8.42
21 9.55 11.79 10.46 11.14 10.91 13.34 11.24 6.12
22 9.45 11.69 10.34 10.73 10.75 12.98 10.64 9.63
23 9.58 11.93 10.42 11.08 10.92 12.95 10.12 9.84
24 9.45 11.64 10.32 11.52 10.59 12.71 10.66 12.43
25 9.73 11.45 10.17 11.38 10.65 13.05 10.02 9.82
26 9.86 12.24 10.09 11.16 10.61 12.95 9.92 9.75
27 9.95 12.45 10.25 11.13 10.58 12.98 9.93 9.74
28 10.07 12.70 10.43 11.35 10.24 12.77 9.66 9.49
29 9.91 12.58 10.35 10.83 10.19 12.84 9.55 9.42
30 9.93 12.53 10.41 12.05 10.64 13.34 9.82 9.69
31 10.30 12.96 10.36 11.18 10.29 12.90 9.53 9.39
MIN 9.45 10.85 9.39 9.87 10.19 12.51 9.53 6.12
MAX 10.88 13.25 10.58 12.05 11.31 13.99 11.94 12.43
AVG 10.22 12.35 9.95 10.91 10.79 13.25 10.13 9.99
CITY OF LAS VEGAS WATER POLLUTION CONTROL FACILITY
1992 COMBINED INFLUENT FLOW IN MGD (METERED!*
SEPTEMBER OCTOBER
#1 42 #3 44 41 #2 #3 #4
1 10.45 13.19 9.76 9.59 9.52 12.57 9.57 8.89
2 10.06 12.92 9.49 9.31 9.55 12.70 9.63 8.96
3 10.30 13.30 9.67 9.45 9.37 12.40 9.45 8.78
4 10.13 13.31 9.53 9.34 9.65 12.67 9.61 8.86
5 10.13 13.46 9.57 9.38 9.48 12.67 9.40 8.68
6 10.28 13.73 9.52 9.45 9.42 12.71 9.43 8.77
7 10.16 13.67 9.57 9.43 9.52 12.86 7.63 10.22
8 10.52 14.14 9.70 9.69 8.64 11.15 10.43 10.56
9 10.28 13.78 9.79 9.12 6.18 9.71 10.00 10.93
10 10.74 1 1.10 11.72 9.38 7.00 10.21 11.05 11.22
11 10.32 14.83 8.16 8.08 7.42 10.69 11.40 11.50
12 10.00 13.54 9.61 9.76 7.07 10.27 11.01 11.12
13 10.44 13.84 9.85 10.33 7.55 10.72 11.50 11.71
14 10.07 13.29 9.56 10.44 7.29 10.14 11.28 11.44
15 11.05 13.22 9.86 10.18 7.36 10.14 11.40 11.53
16 10.15 13.11 11.29 10.38 7.26 9.95 11.28 11.42
17 10.23 12.98 10.09 10.13 7.18 9.89 11.14 11.30
18 10.47 13.19 10.15 10.22 7.09 9.84 11.05 11.17
19 10.73 13.16 10.21 10.19 7.36 10.16 11.21 11.34
20 10.18 12.76 9.76 9.95 7.29 10.13 11.33 11.51
21 10.23 13.03 9.79 10.26 7.37 10.33 11.30 11.52
22 10.46 13.35 10.06 9.79 7.26 10.32 11.08 11.29
23 10.36 13.23 9.96 10.32 7.33 10.37 11.06 11.34
24 10.40 13.18 9.98 10.13 7.62 10.71 11.30 11.64
25 10.68 13.19 9.26 10.42 9.86 13.25 12.52 12.89
26 9.82 12.32 9.66 9.58 8.56 11.70 15.07 15.44
27 9.77 12.56 9.52 10.11 8.20 11.20 14.54 14.88
28 9.61 12.68 9.46 10.01 7.91 10.88 13.86 14.24
29 9.87 13.03 9.79 9.71 8.12 11.14 11.26 11.62
30 9.96 13.13 9.93 9.84 8.25 9.35 11.69 12.07
31 9.85 9.74 10.74 10.99
MIN 9.61 11.10 8.16 8.08 6.18 9.35 7.63 8.68
MAX 11.05 14.83 11.72 10.44 9.86 13.25 15.07 15.44
AVG 10.26 13.21 9.81 9.80 8.11 10.99 11.07 11.22
CITY OF LAS VEGAS WATER POLLUTION CONTROL FACILITY
1992 COMBINED INFLUENT FLOW IN MGD f METERED)*
#1
NOVEMBER 
#2 #3 #4 -2
DECEM BER 
#3 #4
1 8.89 10.20 10.71 11.02 14.81 10.72 10.84
2 8.56 9.90 10.31 10.65 14.78 10.65 10.78
3 7.80 12.88 10.31 10.55 14.52 10.49 10.67
4 5.75 16.62 8.86 9.11 14.52 10.68 10.88
5 5.40 16.53 8.59 8.71 14.11 10.51 10.54
6 5.35 16.29 8.31 8.53 14.60 10.87 11.37
7 5.50 16.70 8.61 8.71 14.97 10.58 11.11
8 5.43 16.76 8.74 8.91 18.31 9.81 10.22
9 5.59 17.07 8.87 8.30 17.94 11.51 11.97
10 8.84 10.66 13.11 8.87 15.19 10.19 10.62
11 5.40 16.21 8.49 7.72 13.93 10.89 11.19
12 3.66 16.33 8.94 7.01 13.11 11.81 12.20
13 3.34 16.39 9.12 6.13 13.47 11.66 12.18
14 3.56 16.48 9.20 6.82 13.70 11.74 12.20
15 3.56 16.56 9.37 7.15 14.72 10.68 9.37
16 2.18 16.90 10.51 7.61 14.95 10.14 9.91
17 * 17.26 11.05 7.65 14.73 9.93 10.03
18 * 16.43 10.72 6.78 15.67 10.34 10.18
19 * 16.55 10.83 7.05 15.28 10.07 9.91
20 * 15.94 10.42 6.73 15.60 10.07 9.63
21 ■* 16.48 10.74 6.83 15.74 10.08 9.63
22 * 16.80 10.93 7.60 15.71 10.18 9.69
23 * 19.40 10.64 7.42 15.70 10.21 9.78
24 * 13.25 12.32 7.16 16.06 10.58 10.17
25 * 15.25 10.01 7.63 15.99 10.51 10.06
26 * 12.88 10.07 6.82 14.73 9.73 9.44
27 * 14.78 10.68 7.03 15.81 10.26 9.69
28 * 12.47 10.53 7.13 16.97 11.20 10.42
29 * 15.13 10.95 7.32 17.07 11.41 10.66
30 * 14.99 10.93 7.29 16.70 11.31 10.61
31 * 12.89 13.06 12.64 16.68 11.18 10.49
MIN 2.18 9.90 8.31 6.13 13.11 9.73 9.37
MAX 8.89 19.40 13.11 12.64 18.31 11.81 12.20
AVG 2.86 15.26 10.19 8.03 15.36 10.64 10.53
CITY OF LAS VEGAS WATER POLLUTION CONTROL FACILITY
1992 COMBINED EFFLUENT FLOW IN MGD (METERED)
JAN FEB MAR APR MAY JUNE
1 39.01 38.31 39.81 41.14 37.49 38.27
T 39.55 38.20 42.01 41.77 38.99 38.49
3 38.67 38.69 38.02 26.03 39.42 33.85
4 38.07 3S.01 37.83 30.42 38.39 43.25
5 41.57 36.92 39.31 40.71 38.71 41.19
6 42.00 37.15 37.07 42.48 39.59 36.55
7 39.66 42.42 45.25 39.03 39.17 38.13
8 38.88 39.32 51.53 41.67 38.33 37.58
9 37.43 37.67 41.94 40.76 40.26 37.58
10 38.96 42.84 39.63 40.90 38.26 37.91
11 39.61 36.87 41.31 41.75 39.07 38.55
12 40.21 39.03 39.50 41.43 35.60 38.07
13 40.30 49.01 41.54 42.69 38.13 39.62
14 38.67 38.17 41.35 37.00 36.87 38.20
15 36.60 40.27 40.07 39.51 38.71 38.45
16 37.17 39.16 40.82 40.04 39.54 38.28
17 36.92 40.66 38.95 28.23 39.25 38.15
18 38.30 39.57 39.12 39.13 37.68 37.89
19 38.75 38.03 39.55 41.46 37.79 38.95
20 40.98 39.19 39.09 41.01 39.55 36.58
21 37.62 38.30 40.08 39.49 37.96 37.23
22 37.34 40.42 41.82 39.85 37.70 38.99
23 37.40 38.99 41.59 39.33 37.86 38.94
24 38.18 39.62 39.78 40.57 36.13 40.91
25 39.43 38.87 37.16 40.67 38.93 36.44
26 39.92 38.25 37.89 41.96 37.76 39.75
27 38.49 38.29 53.84 41.72 39.61 39.15
28 37.50 39.26 41.94 39.61 39.10 37.43
29 35.36 39.55 42.34 38.30 40.15 38.40
30 36.98 48.51 38.63 39.76 39.07
31 37.12 47.22 37.54
MIN 35.36 36.87 37.07 26.03 35.60 33.85
MAX 42.00 49.01 53.84 42.69 40.26 43.25
AVG 38.60 39.35 41.48 39.24 38.49 38.40
CITY OF LAS VEGAS WATER POLLUTION CONTROL FACILITY
1992 COMBINED EFFLUENT FLOW IN MGD (METERED)
JULY AUG SEPT OCT NOV DEC
1 38.00 39.03 38.09 37.29 38.62 41.30
-> 36.61 39.15 38.53 36.30 39.43 39.70
-1 37.92 39.02 39.60 35.53 40.34 39.48
4 37.22 38.81 38.52 37.14 38.11 38.54
5 37.25 28.28 39.55 38.43 38.64 39.13
6 38.71 37.59 39.05 36.40 37.36 40.69
7 37.59 39.00 40.28 37.89 38.21 40.26
8 37.59 39.41 40.07 35.64 40.94 49.10
9 40.63 38.52 40.08 35.33 41.39 37.81
10 37.54 39.49 38.57 34.75 40.78 40.07
11 37.85 39.93 38.40 37.42 38.77 40.37
12 37.04 39.18 38.47 36.12 40.78 39.48
13 39.40 39.35 40.22 38.33 40.22 40.39
14 38.61 38.63 39.54 37.31 38.92 40.74
15 36.42 38.39 39.97 39.15 39.97 40.77
16 37.67 37.61 38.08 36.33 40.43 38.60
17 36.10 38.81 38.82 36.50 40.92 39.50
18 39.68 38.23 37.25 35.95 40.12 38.95
19 39.15 37.44 37.87 37.47 40.00 38.29
20 39.73 37.43 37.91 37.51 40.37 39.14
21 37.09 37.43 38.62 39.98 39.21 39.20
22 37.21 38.50 38.49 34.13 40.81 40.43
23 38.55 38.86 37.92 37.25 40.75 39.03
24 38.57 38.32 38.60 42.79 40.00 39.66
25 38.71 37.66 36.77 44.12 41.15 40.67
26 39.87 38.61 37.95 41.22 39.61 37.34
27 39.98 38.44 38.32 42.34 40.03 40.34
28 38.39 37.47 39.41 39.45 41.36 43.15
29 37.82 38.02 37.38 37.22 40.17 42.51
30 36.57 40.24 37.29 38.18 39.41 41.07
31 38.54 39.85 38.92 41.36
MIN 36.10 28.28 36.77 34.13 37.36 37.34
MAX 40.63 40.24 40.28 44.12 41.39 49.10
AVG 38.13 38.28 38.65 37.82 39.89 40.23
CITY OF LAS VEGAS WATER POLLUTION CONTROL FACILITY
1992 NEVADA POWER REUSE FLOW IN MGD (CALCULATED)
JAN FEB MAR APR MAY JUNE
1 0.000 0.000 0.000 0.000 0.817 1.089
1 0.000 0.000 0.726 0.000 0.836 0.331
3 0.574 0.919 0.068 0.000 1.932 0.000
4 0.735 0.020 0.000 0.000 0.858 0.617
5 0.315 0.000 0.000 0.455 0.328 1.789
6 0.000 0.000 0.000 0.000 0.000 2.198
7 0.000 0.000 0.000 0.733 0.553 1.821
8 0.383 0.000 0.000 0.141 0.425 2.250
9 0.949 0.000 0.000 0.553 0.000 2.285
10 0.035 0.000 0.000 0.353 0.499 1.308
11 0.000 0.000 0.000 0.000 0.595 0.718
12 0.000 0.000 0.000 1.011 0.977 0.592
13 0.000 0.000 0.000 0.014 0.071 0.775
14 0.637 0.000 0.704 0.000 1.022 0.374
15 0.943 0.000 0.165 0.000 0.212 1.258
16 0.974 0.000 0.000 0.000 0.000 0.685
17 0.983 0.000 0.000 0.000 0.633 0.742
18 0.703 0.056 0.658 0.000 2.099 0.849
19 0.000 0.606 0.218 0.000 0.697 0.798
20 0.000 0.010 0.000 0.000 0.456 2.113
21 0.915 0.000 0.000 0.000 1.024 1.155
22 0.419 0.000 0.000 0.000 0.495 0.459
23 0.020 0.000 0.000 0.000 1.906 0.682
24 0.000 0.000 0.000 0.000 0.511 0.626
25 0.000 0.468 0.905 0.000 0.000 0.782
26 0.000 0.951 0.202 0.000 0.900 0.529
27 0.000 0.000 0.000 1.649 1.060 0.174
28 0.750 0.000 0.000 1.496 0.000 1.670
29 0.181 0.000 0.000 1.844 0.000 0.005
30 0.000 0.000 0.841 0.067 1.096
31 0.000 0.000 1.114
MIN 0.000 0.000 0.000 0.000 0.000 0.000
MAX 0.983 0.951 0.905 1.844 2.099 2.285
AVG 0.307 0.104 0.118 0.303 0.648 0.992
CITY OF LAS VEGAS WATER POLLUTION CONTROL FACILITY
1992 NEVADA POWER REUSE FLOW IN MGD (CALCULATED)
JULY AUG SEPT OCT NOV DEC
1 1.942 1.290 1.105 1.572 0.000 0.000
n 2.225 1.255 0.112 1.680 0.000 0.000
3 2.260 1.979 0.000 0.723 0.705 0.851
4 2.016 1.922 0.428 0.648 0.000 0.201
5 1.473 1.228 0.198 0.743 0.920 0.000
6 1.099 1.077 0.000 0.814 0.000 0.000
7 2.046 0.604 0.500 1.412 0.000 0.000
8 0.585 0.528 0.235 1.639 0.000 0.000
9 0.804 0.610 0.000 0.837 0.729 0.000
10 1.754 1.010 0.000 0.569 0.289 0.000
11 2.094 0.170 0.000 0.463 0.000 0.000
12 1.549 1.019 0.392 0.000 0.051 0.000
13 1.291 0.725 0.449 0.000 0.475 0.000
14 1.389 1.691 0.295 0.471 0.965 0.000
15 1.673 1.875 0.000 0.729 0.129 0.000
16 2.197 1.452 0.349 0.003 0.000 0.000
17 1.722 2.546 1.140 0.383 0.000 0.000
18 1.698 2.080 1.135 0.382 0.000 0.000
19 1.950 1.634 1.348 0.514 0.000 0.602
20 1.527 2.068 1.554 0.000 0.602 0.000
21 1.980 1.742 1.572 0.441 0.216 0.000
22 1.563 2.043 0.541 0.925 0.037 0.535
23 1.718 1.503 0.691 0.000 1.029 0.000
24 0.000 2.048 0.000 0.000 0.021 0.000
25 2.074 2.021 0.531 0.000 0.000 0.000
26 1.519 0.687 0.526 0.000 0.000 0.000
27 0.528 0.980 0.415 0.000 0.000 0.000
28 3.869 1.773 0.576 0.000 0.000 0.000
29 2.217 1.542 0.701 0.000 1.057 0.000
30 2.152 0.089 1.055 0.000 0.000 0.000
31 2.145 0.454 0.000 0.000
MIN 0.000 0.089 0.000 0.000 0.000 0.000
MAX 3.869 2.546 1.572 1.680 1.057 0.851
AVG 1.712 1.343 0.528 0.482 0.241 0.071
CITY OF LAS VEGAS WATER POLLUTION CONTROL FACILITY
1992 ESTIMATED EVAPORATION IN MGD*______
JAN FEB MAR APR MAY JUNE
1 1.065 1.241 1.194 1.267 1.323 1.367
1.065 1.241 1.194 1.267 1.323 1.367
3 1.065 1.241 1.194 1.267 1.323 1.367
4 1.065 1.241 1.194 1.267 1.323 1.367
5 1.065 1.241 1.194 1.267 1.323 1.367
6 1.065 1.241 1.194 1.267 1.323 1.367
7 1.065 1.241 1.194 1.267 1.323 1.367
8 1.065 1.241 1.194 1.267 1.323 1.367
9 1.065 1.241 1.194 1.267 1.323 1.367
10 1.065 1.241 1.194 1.267 1.323 1.367
11 1.065 1.241 1.194 1.267 1.323 1.367
12 1.065 1.241 1.194 1.267 1.323 1.367
13 1.065 1.241 1.194 1.267 1.323 1.367
14 1.065 1.241 1.194 1.267 1.323 1.367
15 1.065 1.241 1.194 1.267 1.323 1.367
16 1.065 1.241 1.194 1.267 1.323 1.367
17 1.065 1.241 1.194 1.267 1.323 1.367
18 1.065 1.241 1.194 1.267 1.323 1.367
19 1.065 1.241 1.194 1.267 1.323 1.367
20 1.065 1.241 1.194 1.267 1.323 1.367
21 1.065 1.241 1.194 1.267 1.323 1.367
22 1.065 1.241 1.194 1.267 1.323 1.367
23 1.065 1.241 1.194 1.267 1.323 1.367
24 1.065 1.241 1.194 1.267 1.323 1.367
25 1.065 1.241 1.194 1.267 1.323 1.367
26 1.065 1.241 1.194 1.267 1.323 1.367
27 1.065 1.241 1.194 1.267 1.323 1.367
28 1.065 1.241 1.194 1.267 1.323 1.367
29 1.065 1.241 1.194 1.267 1.323 1.367
30 1.065 1.194 1.267 1.323 1.367
31 1.065 1.194 1.323
MIN
MAX
AVG 1.065 1.241 1.194 1.267 1.323 1.367
CITY OF LAS VEGAS WATER POLLUTION CONTROL FACILITY
1992 ESTIMATED EVAPORATION IN MGD*______
JULY AUG SEPT OCT NOV DEC
1 1.367 4.032 3.785 1.680 2.400 2.400
7 1.367 3.687 3.130 2.863 2.400 2.400
3 1.367 3.435 3.120 3.738 2.400 2.400
4 1.367 4.713 3.359 3.002 2.400 2.400
5 1.367 6.202 2.795 1.045 2.400 2.400
6 1.367 3.605 3.931 3.106 2.400 2.400
7 1.367 4.270 2.040 0.926 2.400 2.400
8 1.367 5.034 3.747 3.498 2.400 2.400
9 1.367 5.266 2.898 0.653 2.400 2.400
10 1.367 2.971 4.367 4.159 2.400 2.400
11 1.367 4.914 2.992 3.117 2.400 2.400
12 1.367 5.247 4.049 3.345 2.400 2.400
13 1.367 5.234 3.784 3.151 2.400 2.400
14 1.367 4.660 3.524 2.369 2.400 2.400
15 1.367 5.356 4.352 0.543 2.400 2.400
16 1.367 6.885 6.496 3.577 2.400 2.400
17 1.367 4.601 3.468 2.632 2.400 2.400
18 1.367 4.991 5.635 2.811 2.400 2.400
19 1.367 6.399 5.068 2.080 2.400 2.400
20 1.367 3.641 3.180 2.759 2.400 2.400
21 1.367 2.428 3.103 0.096 2.400 2.400
22 1.367 3.455 4.625 4.893 2.400 2.400
23 1.367 3.469 5.247 2.846 2.400 2.400
24 1.367 6.022 5.082 1.528 2.400 2.400
25 1.367 3.854 6.247 4.394 2.400 2.400
26 1.367 3.931 2.906 9.549 2.400 2.400
27 1.367 3.818 3.228 6.476 2.400 2.400
28 1.367 2.922 1.762 7.440 2.400 2.400
29 1.367 2.426 4.314 4.914 2.400 2.400
30 1.367 3.158 4.514 3.172 2.400 2.400
31 1.367 1.804 2.399 2.400
MIN 1.804 1.762 0.096
MAX 6.885 6.496 9.549
AVG 1.367 4.272 3.892 3.186 2.400 2.400
* STARTING IN AUGUST 1992 THE VALUE IS THE 
EVAPORATION + PLANT REUSE.
DAILY
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CITY OF LAS VEGAS WATER POLLUTION CONTROL FACILITY








1 17.01 11.23 10.56 16.87 9.60 10.56 16.54 12.05 12.35
2 16.47 10.93 10.35 16.76 9.52 10.41 16.93 11.26 11.59
3 16.72 1 1.02 10.46 16.02 10.37 11.40 17.10 11.14 11.45
4 16.21 10.31 9.82 15.92 9.80 10.70 16.09 11.54 11.80
5 11.71 7.47 7.05 15.92 10.82 11.89 16.02 11.54 11.85
6 20.07 13.08 12.68 15.30 10.59 11.49 16.42 11.79 12.01
7 16.57 10.77 10.28 15.59 11.01 11.85 16.44 12.05 12.32
8 16.53 10.99 10.53 16.12 11.37 12.26 16.38 11.93 12.24
9 16.20 10.89 10.51 20.91 15.40 15.85 15.82 11.57 11.83
10 16.60 11.09 10.25 16.81 12.12 12.22 16.13 11.68 11.92
11 16.66 11.00 10.09 15.98 11.41 11.49 16.48 11.68 11.92
12 16.14 10.69 9.94 16.22 11.47 11.59 12.25 11.43 11.64
13 16.09 10.69 9.96 16.93 13.81 10.99 16.21 11.20 11.43
14 16.67 10.84 10.20 18.07 10.60 10.76 16.86 11.54 11.82
15 16.85 10.47 9.93 17.78 10.04 10.25 16.82 11.17 11.52
16 16.95 10.18 9.57 18.78 10.60 10.76 16.70 11.17 11.40
17 18.77 10.88 9.99 18.37 10.14 10.35 17.40 11.83 12.08
18 18.53 10.59 9.85 16.82 10.71 10.85 16.86 11.61 11.81
19 19.09 11.13 10.30 16.57 11.70 11.10 16.56 11.17 11.35
20 17.37 10.70 10.18 17.20 11.52 11.70 17.27 11.63 11.82
21 16.38 10.50 9.99 16.32 11.64 11.89 17.41 11.45 11.66
22 18.00 10.31 9.87 16.69 10.86 11.19 17.54 11.57 11.74
23 16.75 10.62 10.21 17.25 10.83 11.17 17.29 11.56 11.80
24 16.88 10.43 9.88 16.78 10.64 10.64 17.17 11.73 11.89
25 17.14 10.10 9.47 16.67 10.20 10.46 16.84 11.51 11.78
26 17.67 10.50 9.96 18.65 9.67 9.87 17.24 11.57 11.94
27 17.35 10.04 9.49 17.08 12.28 12.57 16.27 11.07 11.51
28 18.04 9.29 9.00 16.51 12.05 12.35 16.88 11.19 11.59
29 12.91 9.54 10.19 16.71 10.95 11.44
30 20.72 9.66 10.59 16.86 11.27 11.60
31 17.88 9.00 9.85 16.34 11.12 11.36
MIN 11.71 7.47 7.05 15.30 9.52 9.87 12.25 10.95 11.35
MAX 20.72 13.08 12.68 20.91 15.40 15.85 17.54 12.05 12.35
AVG 17.00 10.48 10.03 16.96 11.10 11.38 16.58 11.48 11.76
CITY OF LAS VEGAS WATER POLLUTION CONTROL FACILITY
i 993 INFLUENT FLOW IN MGD (METERED) ____
APRIL MAY JUNE JULY
#2 #3 #4
1 16.81 i 1.50 1 1.79 40.74 43.65 43.61
2 16.54 11.38 11.64 40.58 42.92 44.70
3 16.66 11.35 11.65 40.80 42.84 44.07
4 16.57 11.10 11.37 40.86 42.36 44.46
5 17.06 1 1.48 11.76 39.19 42.99 43.65
6 17.02 10.60 10.81 39.80 40.65 45.15
7 16.90 11.08 11.41 40.37 40.89 45.45
8 16.63 11.03 11.32 40.58 42.33 43.07
9 16.97 11.44 11.66 40.49 40.85 45.74
10 16.78 11.46 11.72 39.93 42.53
11 17.38 11.66 11.98 40.43 43.16
12 16.76 11.28 1 1.57 41.36 40.15
13 16.75 11.11 11.43 40.29 44.65
14 16.52 11.01 1 1.21 41.97 44.29
15 16.14 11.02 11.15 42.86 44.77
16 16.36 11.10 11.35 41.64 44.91
17 16.70 11.37 11.64 41.73 44.26
18 17.25 11.41 12.01 41.95 43.62
19 17.75 11.38 12.13 42.72 44.21
20 16.94 11.06 11.71 42.66 43.60
21 16.74 11.17 11.71 42.71 44.16
22 16.84 11.48 12.07 42.32 44.58
23 16.75 11.40 12.09 42.78 44.24
24 16.97 11.42 12.04 43.18 45.36
25 17.09 11.11 11.85 42.69 42.87
26 17.04 11.20 11.90 42.11 43.78
27 17.43 11.63 12.27 41.64 44.97
28 16.94 11.41 12.07 41.98 45.69
29 16.43 11.23 11.85 45.61 45.67
30 16.83 11.52 12.10 46.00 44.75
31
MIN 16.14 10.60 10.81 39.19 0.00
MAX 17.75 11.66 12.27 12.27 12.27
AVG 16.85 11.28 11.71 41.73 42.12
* PLANT 1 BEGINNING TO BE PUT ON LINE ON MAY 13. 1993. 
** COMPUTER PROBLEMS ON MAY 29-31. 1993.
*** JUNE 11, 1993: FULL FLOW PUT TO PLANT 1
CITY OF LAS VEGAS WATER POLLUTION CONTROL FACILITY
1993 COMBINED EFFLUENT FLOW IN MGD (METERED)_____
JAN FEB MAR APR MAY JUNE JULY
1 41.36 41.18 43.21 41.30 40.87 43.24 42.41
-) 42.76 39.74 41.33 41.18 41.89 41.86 41.21
3 40.69 40.93 41.01 40.70 41.21 41.60 37.95
4 61.40 38.09 40.96 41.54 41.10 41.71 42.15
5 40.97 40.88 40.48 40.59 40.73 41.74 39.95
6 40.38 38.40 40.56 41.18 38.47 42.13 42.44
7 40.65 40.11 42.73 40.72 41.13 42.13 42.51
8 40.71 42.36 42.35 40.21 41.01 42.01 39.66
9 39.73 58.00 40.95 42.02 41.47 42.18 43.62
10 41.09 42.71 42.14 41.23 40.90 41.72
11 41.81 41.56 41.87 42.16 42.14 41.99
12 40.06 40.68 40.03 41.18 41.01 41.44
13 40.15 40.39 40.14 41.59 39.86 42.45
14 41.41 42.22 41.31 41.01 41.52 42.67
15 39.78 41.77 41.31 40.35 42.04 43.04
16 40.10 43.72 40.05 40.72 40.90 42.39
17 42.47 41.93 41.68 41.03 42.37 41.60
18 41.33 41.66 40.26 41.35 41.34 41.64
19 44.92 42.60 39.67 42.30 42.34 41.97
20 41.00 43.58 41.15 41.41 41.92 42.84
21 39.07 41.67 40.98 40.98 41.72 40.91
22 40.85 41.46 41.06 40.60 41.69 43.36
23 39.57 41.55 ' 42.43 40.80 41.95 43.10
24 40.56 40.13 41.61 40.70 44.59 40.91
25 40.25 39.03 40.08 40.29 40.45 40.88
26 41.20 40.37 41.10 40.94 41.74 40.67
27 40.47 43.95 40.80 41.67 41.29 40.44
28 39.84 43.61 40.99 41.65 41.65 38.97
29 40.29 41.39 40.51 40.83 40.31
30 39.32 42.14 40.21 41.13 42.41
31 40.67 41.55 41.88
MIN 39.07 38.09 39.67 40.21 38.47 38.97
MAX 61.40 58.00 43.21 42.30 44.59 43.36
AVG 41.45 41.94 41.20 41.07 41.39 41.81
* MAY 24. 1993: READ1 NG AT 8:00 DUE ro S0 2 LEAK.
** JULY 3. 1993: SWITCHED GATES DUE TO S. METER FAIL.
CITY OF LAS VEGAS WATER POLLUTION CONTROL FACILITY
1993 NEVADA POWER REUSE FLOW IN MGD (CALCULATED)
JAN FEB MAR APR
1 0.000 0.471 0.934 0.000
0.000 0.010 0.931 0.611
3 0.000 0.388 0.929 0.000
4 0.000 0.615 0.928 0.000
5 0.000 1.704 0.771 0.361
6 0.000 0.802 0.000 0.840
7 0.000 0.629 0.000 1.026
3 0.000 0.809 0.637 0.026
9 0.000 0.809 0.351 0.595
10 0.000 0.579 0.255 0.000
1 1 0.000 1.596 1.569 0.585
12 0.000 0.640 1.268 0.010
13 0.000 0.640 1.387 0.719
14 0.000 0.640 1.414 0.334
15 0.000 0.000 1.382 0.572
16 0.000 0.000 1.353 0.111
17 0.000 0.000 1.319 0.456
18 0.000 0.000 0.977 0.274
19 0.000 0.000 1.086 0.627
20 0.000 0.000 1.099 0.152
21 0.000 0.359 1.038 0.630
22 0.000 0.000 0.029 0.224
23 0.000 0.917 0.000 0.538
24 0.000 0.846 1.212 0.410
25 0.000 1.027 0.382 0.477
26 0.000 0.977 1.093 0.384
27 0.000 0.977 1.545 0.000
28 0.000 0.936 0.619 0.984
29 0.164 0.000 0.000 1.005
30 0.000 0.629 0.049
31 0.000 0.297
MIN 0.000 0.000 0.000 0.000
MAX 0.164 1.704 1.569 1.026
AVG 0.005 0.565 0.820 0.400
CITY OF LAS VEGAS WATER POLLUTION CONTROL FACILITY
1993 ESTIMATED EVAPORATION IN MGD*
JAN FEB MAR APR
1 2.40 2.40 2.39 2.65
1 2.40 2.40 2.39 2.65
->J> 2.40 2.40 2.39 2.65
4 2.40 2.40 2.39 2.65
5 2.40 2.40 2.39 2.65
6 2.40 2.40 2.39 2.65
7 2.40 2.40  ̂ 39 2.65
8 2.40 2.40 2.39 2.65
9 2.40 2.40 2.39 2.65
10 2.40 2.40 2.39 2.65
11 2.40 2.40 2.39 2.65
12 2.40 2.40 2.39 2.65
13 2.40 2.40 2.39 2.65
14 2.40 2.40 2.39 2.65
15 2.40 2.40 2.39 2.65
16 2.40 2.40 2.39 2.65
17 2.40 2.40 2.39 2.65
18 2.40 2.40 2.39 2.65
19 2.40 2.40 2.39 2.65
20 2.40 2.40 2.39 2.65
21 2.40 2.40 2.39 2.65
22 2.40 2.40 2.39 2.65
23 2.40 2.40 2.39 2.65
24 2.40 2.40 2.39 2.65
25 2.40 2.40 2.39 2.65
26 2.40 2.40 2.39 2.65
27 2.40 2.40 2.39 2.65
28 2.40 2.40 2.39 2.65
29 2.40 2.39 2.65
30 2.40 2.39 2.65
31 2.40 2.39
* THE VALUE IS THE DAILY EVAPORATION + PLANT REUSE.
APPENDIX II
HIGH FLOW AND LOW FLOW CONDITIONS
Experiment # 1 
Experiment # 2
251
FILENAM E: EXPER1.W Q1
EXPERIMENT # 1 HIGH FLOW CONDITIONS
CITY OF LAS VEGAS WPCF 
FLOW DATA IN (MGD) RECORDED BY SCADA SYSTEM
DATE: 30 JULY. 1993
SUMMARY OF DESCRIPTION OF EVENTS
EVENT GATE CONFIGURATION
1 All gates open
2 All gates open
3 Gate #4 closed
4 All gates open
5 Gate #3 closed
6 All gates open
7 Gate #2 closed
8 All gates open
9 Gate #1 closed
10 All gates open
11 Gates #3 & #4 closed
12 All gates open
13 All gates open
Legends:
Time frax = fraction of exact reading time in (HRS)
Totlnf = Total flow through all flumes in (MGD)
AVG.TotInf= Avg. total flow through all flumes in (MGD)
STD.DEV. = Standard deviation from total flow 





READING (HRS) PLANT 1 PLANT 2 PLANT 3 PLANT 4 Totlnf
1 11.250 18.30 16.90 10.00 10.60 55.8
2 11.267 18.30 16.90 10.00 10.60 55.8
3 11.267 18.30 16.90 10.00 10.60 55.8
4
C
11.283 18.30 16.90 10.00 10.60 55.8
D
6 11.283 18.30 16.90 10.00 10.60 55.8
7 11.300 18.30 16.90 10.00 10.60 55.8
8 11.300 18.30 16.90 10.00 10.60 55.8
9 11.317 18.30 16.90 10.00 10.60 55.8
10 11.317 18.30 16.90 10.00 10.60 55.8
11 11.333 18.30 16.90 10.00 10.60 55.8
12 11.333 18.30 16.90 10.00 10.60 55.8
13 11.333 18.30 16.90 10.00 10.60 55.8
14 11.333 18.30 16.90 10.00 10.60 55.8
15 11.350 18.30 16.90 10.00 10.60 55.8
16 11.350 18.30 16.90 10.00 10.60 55.8
17 11.350 18.30 16.90 10.00 10.60 55.8
18
19 11.367 18.30 16.90 10.00 10.60 55.8










READING (HRS) PLANT 1 PLANT 2 PLANT 3 PLANT 4 Totlnf
1 11.433 17.60 17.40 10.30 10.50 55.8
2 11.433 17.60 17.40 10.30 10.50 55.8
3 11.450 17.60 17.40 10.30 10.50 55.8
4 11.450 17.60 17.40 10.30 10.50 55.8
5 11.450 17.60 17.40 10.30 10.50 55.8
6 11.450 17.60 17.40 10.30 10.50 55.8
7 11.467 17.60 17.40 10.30 10.50 55.8
8 11.467 17.60 17.40 10.30 10.50 55.8
9 11.467 17.60 17.40 10.30 10.50 55.8
10 11.467 17.60 17.40 10.30 10.50 55.8
11 11.483 17.60 17.40 10.30 10.50 55.8
12 11.483 17.60 17.40 10.30 10.50 55.8
13 11.483 17.60 17.40 10.30 10.50 55.8
14
15 11.500 17.60 17.40 10.30 10.50 55.8
16 11.500 17.60 17.40 10.30 10.50 55.8
17 11.500 17.60 17.40 10.30 10.50 55.8
18 11.500 17.60 17.40 10.30 10.50 55.8
19 11.517 17.60 17.40 10.30 10.50 55.8











(HRS') PLANT 1 PLANT 2 PLANT 3 PLANT 4 Totlnf
1
2 11.633 18.30 17.10 18.40 0.40 54.2
3 11.650 18.30 17.10 18.40 0.40 54.2
4 11.650 18.30 17.10 18.40 0.40 54.2
5 11.650 18.30 17.10 19.40 0.40 55.2
6
n
11.650 18.30 17.10 19.40 0.40 55.2
f
8 11.667 18.30 17.10 19.40 0.40 55.2
9 11.667 18.30 17.10 19.40 0.40 55.2
10 11.667 18.30 17.10 19.40 0.40 55.2
11 11.683 18.30 17.10 19.40 0.40 55.2
12
13 11.683 18.30 17.10 19.40 0.40 55.2
14 11.683 18.30 17.10 19.40 0.40 55.2
15 11.700 18.30 17.10 19.40 0.40 55.2
16 11.700 18.30 17.10 19.40 0.40 55.2
17 11.700 18.30 17.10 19.40 0.40 55.2
18 11.700 18.30 17.10 19.40 0.40 55.2
19 11.717 18.30 17.10 19.40 0.40 55.2
















(HRS') PLANT 1 PLANT 2 PLANT 3 PLANT 4 Totlnf
1 11.833 19.30 16.80 10.20 11.30 57.6
2 11.833 19.30 16.80 10.20 11.30 57.6
3 11.850 18.30 16.80 10.20 11.30 56.6
4 11.850 18.30 16.80 10.20 11.30 56.6
5 11.850 18.30 16.80 10.20 11.30 56.6
6 11.867 18.30 16.80 10.20 11.30 56.6
7 11.867 18.30 16.80 10.20 11.30 56.6
8 11.867 18.30 16.80 10.20 11.30 56.6
9 11.867 18.30 16.80 10.20 11.30 56.6
10 11.867 18.30 16.80 10.20 11.30 56.6
11 11.883 18.30 16.80 10.20 11.30 56.6
12 11.883 18.30 16.80 10.20 11.30 56.6
13 11.883 18.30 16.80 10.20 11.30 56.6
14 11.883 18.30 16.80 10.20 10.70 56.0
15 11.900 18.30 16.80 10.20 10.70 56.0
16 11.900 18.30 16.80 10.20 10.70 56.0
17
18 11.900 18.30 16.80 10.20 10.70 56.0
19 11.917 18.30 16.80 10.20 10.70 56.0
















(HRS) PLANT 1 PLANT 2 PLANT 3 PLANT 4 Totlnf
1 12.017 18.50 17.00 0.30 19.10 54.9
2 12.017 18.50 17.00 0.30 19.10 54.9
3 12.033 18.50 17.00 0.30 19.10 54.9
4 12.033 18.50 17.00 0.30 19.10 54.9




12.033 18.50 17.00 0.30 19.10 54.9
12.050 18.50 17.00 0.30 19.10 54.9
9 12.050 18.50 17.00 0.30 19.10 54.9
10 12.050 18.50 17.00 0.30 19.10 54.9
11 12.067 18.50 17.00 0.30 19.80 55.6
12 12.067 18.50 17.00 0.30 19.80 55.6
13 12.067 18.50 17.00 0.30 19.80 55.6
14 12.067 18.50 17.00 0.30 19.80 55.6
15 12.083 18.50 17.00 0.30 19.80 55.6
16 12.083 18.50 17.00 0.30 19.80 55.6
17 12.083 18.50 17.00 0.30 19.80 55.6
18 12.083 18.50 17.00 0.30 19.80 55.6
19 12.100 18.50 17.00 0.30 19.80 55.6
















(HRS') PLANT 1 PLANT 2 PLANT 3 PLANT 4 Totlnf
1 12.200 17.90 16.70 11.10 11.30 57.0
2 12.200 17.90 16.70 11.10 11.30 57.0
3 12.217 17.90 16.70 11.10 11.30 57.0
4 12.217 17.90 16.70 11.10 11.30 57.0
5 12.217 17.90 16.70 11.10 11.30 57.0
6 12.217 17.90 16.70 11.10 11.30 57.0
7 12.233 17.90 16.70 11.10 10.50 56.2
8 12.233 17.90 16.70 11.10 10.50 56.2
9 12.233 17.90 16.70 11.10 10.50 56.2
10
11 12.250 17.90 16.70 11.10 10.50 56.2
12 12.250 17.90 16.70 11.10 10.50 56.2
13 12.250 17.90 16.70 11.10 10.50 56.2
14 12.267 17.90 16.70 11.10 10.50 56.2
15 12.267 17.90 16.70 11.10 10.50 56.2
16 12.267 17.90 16.70 11.10 10.50 56.2
17 12.267 17.90 16.70 11.10 10.50 56.2
18 12.267 17.90 16.70 11.10 10.50 56.2

















(HRS) PLANT 1 PLANT 2 PLANT 3 PLANT 4 Totlnf
1 12.467 23.90 2.70 11.80 12.50 50.9
2 12.483 23.90 2.70 11.80 12.50 50.9
3 12.483 23.90 2.70 11.80 12.50 50.9
4 12.483 23.90 2.70 11.80 12.50 50.9
5 12.483 23.90 2.70 11.80 12.50 50.9
6 12.483 24.90 2.70 11.80 12.50 51.9
7 12.500 24.90 2.70 12.30 12.50 52.4
8 12.500 25.00 2.70 12.30 12.50 52.5
9 12.500 25.00 1.70 12.30 12.50 51.5
10 12.500 25.00 1.70 12.30 12.50 51.5
11 12.517 25.00 1.70 12.30 12.50 51.5
12 12.517 25.00 1.70 12.30 12.50 51.5
13 12.517 25.00 1.60 12.30 12.50 51.4
14 12.533 25.00 1.60 12.30 12.50 51.4
15 12.533 25.00 1.60 12.80 12.50 51.9
16 12.533 25.00 1.60 12.80 12.50 51.9
17 12.533 25.00 1.60 12.80 12.50 51.9
18 12.550 25.00 1.60 12.80 12.50 51.9
19 12.550 25.00 1.60 12.80 12.50 51.9















READING (HRS') PLANT 1 PLANT 2 PLANT 3 PLANT 4 Totlnf













14 12.750 19.10 19.70 10.80 10.90 60.5
15 12.750 19.10 19.70 10.80 10.90 60.5















(HRS') PLANT 1 PLANT 2 PLANT 3 PLANT 4 Totlnf
I 12.900 4.00 24.80 11.90 12.30 53.0
2 12.900 4.00 24.80 11.90 12.30 53.0
3 12.900 3.00 24.80 11.90 12.30 52.0
4 12.900 3.00 24.80 11.90 12.30 52.0
5 12.900 3.00 24.80 11.90 12.30 52.0
6 12.917 3.00 24.80 11.90 12.30 52.0
7 12.917 3.00 24.80 11.90 12.30 52.0
8 12.917 3.00 24.80 11.90 12.30 52.0
9 12.917 3.00 24.80 11.90 12.30 52.0
10 12.933 3.00 24.80 11.90 12.30 52.0
11 12.933 3.00 24.80 11.90 12.30 52.0
12 12.933 3.00 24.80 11.90 12.30 52.0
13 12.933 3.00 24.80 11.90 12.30 52.0
14 12.950 3.00 24.80 11.90 12.30 52.0
15 12.950 3.00 24.80 11.90 12.30 52.0
16 12.950 3.00 24.80 11.90 12.30 52.0
17 12.950 3.00 24.80 11.90 12.30 52.0
18 12.967 3.00 24.80 11.90 12.30 52.0
19 12.967 3.00 24.80 11.90 12.30 52.0
















(HRS') PLANT 1 PLANT 2 PLANT 3 PLANT 4 Totlnf
1 13.083 19.30 19.50 10.70 11.20 60.7









13.117 19.30 19.50 10.70 11.20 60.7
O
9 13.117 19.30 19.50 10.70 11.20 60.7
10 13.117 19.30 19.50 10.70 11.20 60.7
11 
1 0
13.133 19.30 19.50 10.70 11.20 60.7
1 z 
13 13.133 19.30 19.50 10.70 11.20 60.7
14
15
16 13.150 19.30 19.50 10.70 11.20 60.7
17
18 13.167 19.30 19.50 10.70 11.20 60.7
19 13.167 19.30 19.50 10.70 11.20 60.7
















(HRS') PLANT 1 PLANT 2 PLANT 3 PLANT 4 Totlnf
1 13.317 24.60 24.40 0.70 1.60 51.3









13.350 24.60 24.40 0.70 0.70 50.4
O
9 13.350 24.60 24.40 0.70 0.70 50.4
10 13.367 24.60 24.40 0.70 0.70 50.4
11 13.367 24.60 24.40 0.70 0.70 50.4
12 13.367 24.60 24.40 0.70 0.70 50.4
13 13.367 24.60 24.40 0.70 0.70 50.4
14 13.383 24.60 24.40 0.70 0.70 50.4
15 13.383 24.60 24.40 0.70 0.70 50.4
16 13.383 24.60 24.40 0.70 0.70 50.4
17 13.383 24.60 24.40 0.70 0.70 50.4
18 13.400 24.60 24.40 0.70 0.70 50.4
19 13.400 24.60 25.40 0.70 0.70 51.4
















(HRS) PLANT 1 PLANT 2 PLANT 3 PLANT 4 Totlnf
1
o 13.533 20.20 20.10 10.50 11.10 61.9
3 13.550 20.20 20.10 10.50 11.10 61.9
4 13.550 19.10 20.10 10.50 11.10 60.8
5 13.550 19.10 20.10 10.50 11.10 60.8
6
n




13.567 19.10 19.10 10.50 11.10 59.8
10 13.583 19.10 19.10 10.50 11.10 59.8
11 13.583 19.10 19.10 10.50 11.10 59.8
12 13.583 19.10 19.10 10.50 11.10 59.8
13 13.583 19.10 19.10 10.50 11.10 59.8
14 13.600 19.10 19.10 10.50 10.90 59.6
15 13.600 19.10 19.10 10.50 10.90 59.6
16
17 13.617 19.50 19.10 10.50 10.90 60.0
18 13.617 19.50 19.10 10.50 10.90 60.0
19 13.617 19.50 19.50 10.50 10.90 60.4
















(HRS) PLANT 1 PLANT 2 PLANT 3 PLANT 4 Totlnf
1 13.717 18.00 18.10 10.80 10.90 57.8
2 13.717 18.00 18.10 10.80 10.90 57.8
3 13.733 18.00 18.10 10.80 10.90
4 13.733 18.00 18.10 10.80 10.90
5 13.733 18.00 18.10 10.80 10.90 57.8
6 13.733 18.00 18.10 10.80 10.90
7 13.750 18.00 18.10 10.80 10.90 57.8
8 13.750 18.00 18.10 10.80 10.90
9 13.750 18.00 18.10 10.80 10.90 57.8
10 13.767 18.00 18.10 10.80 10.90 57.8
11 13.767 18.00 18.10 10.80 10.90 57.8
12 13.767 18.00 18.10 10.80 10.90
13 13.767 18.00 18.10 10.80 10.80 57.7
14 13.767 18.00 18.10 10.80 10.80
15 13.783 18.00 18.10 10.80 10.80
16 13.783 18.00 18.10 10.80 10.80 57.7
17 13.783 18.00 18.10 10.80 10.80
18 13.783 18.00 18.10 10.80 10.80 57.7
19 13.800 17.60 18.10 10.80 10.80 57.3












FILEN A M E: EX PER1-1.W Q 1
E X PE R IM E N T  # 1 HIGH FLO W  C O N D IT IO N S - PA R SH A L L  FLU M E 1
CITY  O F  LAS V EG A S W PC F 
FLU M E FLO W  IN D IC A T O R  R EA D IN G S AND C A L C U L A T IO N S
DATE: 30 JU LY , 1993
SUMMARY OF DESCRIPTION OF EVENTS
EVENT GATE CONFIGURATION
1 All gates open
2 All gates open
3 Gate #4 closed
4 All gates open
5 Gate #3 closed
6 All gates open
7 Gate #2 closed
8 All gates open
9 Gate #1 closed
10 All gates open
11 Gates #3 & #4 closed
12 All gates open
13 All gates open
Legends:
Qavg = Avg. flow measured in million gallons per day (MGD)
Qcalc= Calculated flow in (MGD)
Davg = Avg. depth measured in feet (FT) 
delQ = Calculated flow minus avg. displayed flow in (MGD) 
conv.=Conversion factor from cubic feet per second (cfs) to (MGD) = 0.65 
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FILENA M E: EXPER1-2AVQ1
E X PER IM EN T #  1 HIGH FLO W  C O N D ITIO N S - PA R SH A LL FL U M E 2
CITY OF LAS V EG A S W PC F 
FLUM E FLO W  IN D IC A TO R  REA D IN G S
DATE: 30 JULY, 1993
SU M M A R Y  OF D ESC R IPTIO N  O F EVEN TS
EVEN T G ATE C O N FIG U R A TIO N
1 All gates open
i All gates open
3 G ate #4 closed
4 All gates open
5 G ate #3 closed
6 All gates open
7 Gate #2 closed
8 All gates open
9 G ate #1 closed
10 All gates open
11 Gates #3 & #4 closed
12 All gates open




R EA D IN G FLOW (M GD)
Qavg
fM GD) C O M M EN T
1 16.10 16.20 16.10 16.13
i 16.70 16.60 16.80 16.70
■**j 16.60 16.70 16.70 16.67
4 17.00 16.80 17.00 16.93
5 16.60 16.70 16.70 16.67
6 17.00 17.00 17.10 17.03
7 16.80 16.90 16.80 16.83
8 16.50 16.60 16.70 16.60
9 16.60 16.70 16.80 16.70
10 16.60 16.60 16.70 16.63
11 16.50 16.60 16.30 16.47
12 16.30 16.30 16.30 16.30





18 16.40 16.20 16.10 16.23 *
19 15.90 16.10 16.20 16.07
20 16.20 16.20 16.30 16.23
A VG













I 17.70 17.60 17.50 17.60
2 17.50 17.00 17.30 17.27
3 17.40 17.50 17.40 17.43
4 17.30 17.20 17.00 17.17
5 17.30 17.20 17.10 17.20
6 17.20 17.10 17.00 17.10
7 17.30 17.20 16.90 17.13
8 16.80 16.90 16.70 16.80
9 17.10 17.10 17.10 17.10
10 16.90 17.00 17.00 16.97
11 17.10 17.10 17.00 17.07
12 16.50 16.60 16.70 16.60




17 16.50 16.40 16.30 16.40
18 16.20 16.30 16.40 16.30
19 16.50 16.60 16.70 16.60














1 16.70 16.60 16.70 16.67
2 16.80 16.70 16.80 16.77
3 17.00 16.90 16.80 16.90
4 17.00 16.90 16.80 16.90
5 16.50 16.60 16.80 16.63
6 17.30 17.40 17.30 17.33
7 17.20 17.10 17.10 17.13
8 17.50 17.40 17.30 17.40
9 17.40 17.30 17.20 17.30
10 16.90 16.90 16.90 16.90
11 17.00 17.00 17.00 17.00
12 16.80 16.90 17.00 16.90
13 16.80 16.90 17.00 16.90
14 17.00 16.90 17.00 16.97
15 17.00 16.90 16.80 16.90
16 16.90 16.90 16.80 16.87
17 16.80 16.70 16.60 16.70
18 16.80 16.80 16.70 16.77
19 16.80 16.70 16.60 16.70











READING FLOW ' MGDl
Qavg
(MGD) COMMENT
1 17.20 17.10 17.00 17.10
2 17.00 17.10 17.10 17.07
3 17.20 17.20 17.30 17.23
4 17.10 17.00 17.00 17.03
5 16.60 16.50 16.60 16.57
6 16.60 16.70 16.80 16.70
7 16.80 16.80 16.70 16.77
8 16.50 16.50 16.60 16.53
9 16.80 16.70 16.70 16.73
10 16.50 16.40 16.40 16.43
11 16.20 16.30 16.20 16.23
12 16.20 16.20 16.30 16.23
13 16.50 16.60 16.50 16.53
14 16.60 16.50 16.60 16.57
15 17.20 17.10 17.00 17.10
16 17.00 17.10 17.20 17.10
17 17.20 17.10 17.00 17.10
18 16.90 16.80 16.80 16.83
19 17.10 17.00 17.10 17.07













1 17.00 16.90 17.00 16.97
~> 17.00 16.90 16.80 16.90
3 16.90 17.00 17.10 17.00
4 17.40 17.40 17.40 17.40
5 17.10 17.00 16.90 17.00
6 16.60 16.50 16.60 16.57
7 16.70 16.60 16.50 16.60
8 17.00 16.90 16.80 16.90
9 16.70 16.70 16.80 16.73
10 16.70 16.70 16.80 16.73
11 16.80 16.70 16.70 16.73
12 16.60 16.50 16.60 16.57
13 16.90 16.90 16.80 16.87
14 17.10 17.10 17.20 17.13
15 16.60 16.50 16.60 16.57
16 17.00 16.90 16.80 16.90
17 16.80 16.90 16.80 16.83
18 16.50 16.60 16.70 16.60
19 17.10 17.00 16.90 17.00














1 16.80 16.70 16.60 16.70
2 16.30 16.40 16.40 16.37
3 16.60 16.50 16.50 16.53
4 16.60 16.50 16.60 16.57
5 16.80 16.90 17.00 16.90
6 16.80 16.70 16.60 16.70
7 16.80 16.80 16.70 16.77
8 16.50 16.60 16.70 16.60
9 16.50 16.50 16.60 16.53
10
11 16.30 16.40 16.50 16.40
*
12 16.30 16.20 16.10 16.20
13 16.90 16.80 16.80 16.83
14 16.70 16.80 16.80 16.77
15 16.80 16.70 16.80 16.77
16 17.00 17.00 16.90 16.97
17 16.80 16.70 16.60 16.70
18 17.20 17.10 17.00 17.10
19 16.80 16.80 16.80 16.80















1 2.00 2.00 2.00 2.00
2 2.00 2.00 1.90 1.97
3 1.90 1.90 1.80 1.87
4 1.80 1.80 1.80 1.80
5 1.80 1.70 1.70 1.73
6 1.70 1.60 1.60 1.63
7 1.60 1.60 1.60 1.60
8 1.60 1.60 1.50 1.57
9 1.50 1.50 1.50 1.50
10 1.50 1.50 1.50 1.50
11 1.50 1.50 1.50 1.50
12 1.40 1.40 1.40 1.40
13 1.40 1.40 1.40 1.40
14 1.30 1.30 1.30 1.30
15 1.30 1.30 1.30 1.30
16 1.30 1.30 1.30 1.30
17 1.30 1.30 1.30 1.30
18 1.30 1.30 1.30 1.30
19 1.30 1.30 1.30 1.30














1 19.50 19.40 19.30 19.40
2 19.70 19.60 19.70 19.67
3 19.50 19.40 19.30 19.40
4 19.70 19.60 19.50 19.60
5 18.90 19.00 18.90 18.93
6 19.00 19.10 19.20 19.10
7 19.10 19.20 19.30 19.20
8 18.70 18.60 18.70 18.67
9 19.00 18.90 18.80 18.90
10 18.90 18.80 18.70 18.80
11 18.70 18.70 18.60 18.67
12 18.50 18.40 18.50 18.47
13 19.60 19.50 19.20 19.43
14 19.50 19.40 19.30 19.40
15 19.40 19.30 19.40 19.37
16 19.40 19.30 19.20 19.30
17 19.90 19.80 19.70 19.80
18 19.40 19.50 19.60 19.50
19 18.90 18.60 18.70 18.73














1 24.20 24.00 23.80 24.00
2 24.40 24.40 24.30 24.37
->j 24.60 24.60 24.70 24.63
4 24.70 24.80 24.90 24.80
5 24.90 24.90 24.80 24.87
6 24.40 24.40 24.30 24.37
7 25.30 25.40 25.50 25.40
S 24.80 24.90 25.00 24.90
9 24.40 24.40 24.40 24.40
10 24.00 24.10 24.20 24.10
11 24.60 24.70 24.60 24.63
12 24.70 24.60 24.50 24.60
13 24.90 24.90 24.80 24.87
14 23.70 23.80 23.80 23.77
15 23.80 23.90 24.10 23.93
16 25.00 25.00 24.90 24.97
17 24.00 24.10 24.20 24.10
18 24.70 24.80 24.90 24.80
19 24.20 24.30 24.40 24.30











READING FLOW i MGD)
Qavg
(MGD) COMMENT
1 18.60 18.60 18.70 18.63
n 18.90 19.00 18.90 18.93
3 18.80 18.70 18.60 18.70
4 18.60 18.70 18.80 18.70
5 19.30 19.40 19.30 19.33
6 19.60 19.70 19.60 19.63
7 19.50 19.40 19.50 19.47
8 19.70 19.60 19.70 19.67
9 19.30 19.20 19.30 19.27
10 19.50 19.60 19.70 19.60
11 19.60 19.70 19.70 19.67
12 19.10 19.20 19.30 19.20
13 19.10 19.20 19.40 19.23
14 19.30 19.20 19.10 19.20
15 18.50 18.60 18.70 18.60
16 19.20 19.30 19.40 19.30
17 18.80 18.90 19.00 18.90
18 19.00 19.10 19.20 19.10
19 19.10 19.00 18.80 18.97














1 23.70 23.80 24.00 23.83
2 23.90 23.80 23.90 23.87
3 24.00 23.30 23.10 23.47
4 24.00 24.10 24.00 24.03
5 24.10 23.90 24.00 24.00
6 24.20 24.10 24.00 24.10
7 24.10 24.20 24.20 24.17
8 24.00 23.90 23.80 23.90
9 23.50 23.40 23.50 23.47
10 23.70 23.70 23.80 23.73
11 23.50 23.40 23.50 23.47
12 24.10 24.20 24.30 24.20
13 24.30 24.40 24.50 24.40
14 25.00 25.00 25.10 25.03
15 24.30 24.20 24.30 24.27
16 24.60 24.50 24.60 24.57
17 25.30 25.40 25.30 25.33
18 25.00 25.10 25.10 25.07
19 25.10 25.00 24.90 25.00











READING FLOW i MGD)
Qavg
(MGD) COMMENT
1 19.60 19.50 19.60 19.57
“\ 19.60 19.50 19.40 19.50
3 19.10 19.10 19.10 19.10
4 19.00 19.10 19.00 19.03
5 19.30 19.40 19.30 19.33
6 19.40 19.30 19.40 19.37
ni 18.90 18.58 18.80 18.76
8 18.50 18.60 18.70 18.60
9 18.50 18.60 18.50 18.53
10 18.40 18.30 18.40 18.37
11 18.50 18.40 18.30 18.40
12 19.30 19.40 19.50 19.40
13 19.80 19.70 19.60 19.70
14 19.50 19.70 19.20 19.47
15 19.30 19.30 19.50 19.37
16 19.30 19.40 19.10 19.27
17 19.20 19.20 19.40 19.27
18 19.30 19.30 19.20 19.27
19 19.20 19.30 19.00 19.17










READING FLOW i MGD)
Qavg
fMGD) COMMENT
1 17.80 17.70 17.60 17.70
18.30 18.20 18.10 18.20
3 17.90 18.00 18.10 18.00
4 17.80 17.90 17.90 17.87
5 17.80 17.SO 17.80 17.80
6 17.90 18.00 17.90 17.93
7 17.90 17.80 17.70 17.80
8 17.60 17.50 17.40 17.50
9 17.90 17.80 17.80 17.83
10 17.80 17.90 17.80 17.83
11 17.50 17.50 17.60 17.53
12 17.50 17.40 17.30 17.40
13 17.40 17.50 17.40 17.43
14 17.40 17.50 17.50 17.47
15 17.50 17.50 17.60 17.53
16 17.50 17.40 17.60 17.50
17 17.30 17.40 17.40 17.37
18 17.40 17.30 17.20 17.30
19 17.30 17.20 17.40 17.30









EXPERIMENT # 1 HIGH FLOW CONDITIONS - PARSHALL FLUME 3
CITY OF LAS VEGAS WPCF 
FLUME FLOW INDICATOR READINGS AND CALCULATIONS
DATE: 30 JULY, 1993
SUMMARY OF DESCRIPTION OF EVENTS
EVENT GATE CONFIGURATION
1 All gates open
2 All gates open
3 Gate #4 closed
4 All gates open
5 Gate #3 closed
6 All gates open
7 Gate #2 closed
8 All gates open
9 Gate #1 closed
10 All gates open
11 Gates #3 & #4 closed
12 All gates open
13 All gates open
Legends:
Qavg = Avg. flow measured in million gallons per day (MGD)
Qcalc= Calculated flow in (MGD)
Davg = Avg. depth measured in feet (FT)
delQ = Calculated flow minus avg. displayed flow in (MGD)
conv.= Conversion factor from cubic feet per second to (MGD) = 0.65
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EXPERIMENT # 4 HIGH FLOW CONDITIONS - PARSHALL FLUME 4
CITY OF LAS VEGAS WPCF 
FLUME FLOW INDICATOR READINGS AND CALCULATIONS
DATE: 30 JULY. 1993
SUMMARY OF DESCRIPTION OF EVENTS
EVENT GATE CONFIGURATION
1 All gates open
2 All gates open
3 Gate #4 closed
4 All gates open
5 Gate #3 closed
6 All gates open
7 Gate #2 closed
8 All gates open
9 Gate #1 closed
10 All gates open
11 Gates #3 & #4 closed
12 All gates open
13 All gates open
Legends:
Qavg = Avg. flow measured in million gallons per day (MGD)
Qcalc= Calculated flow in (MGD)
Davg = Avg. depth measured in feet (FT)
delQ = Calculated flow minus avg. displayed flow in (MGD)
conv.= Conversion factor from cubic feet per second to (MGD) = 0.65
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EXPERIMENT # 2 LOW FLOW CONDITIONS
CITY OF LAS VEGAS WPCF 
FLOW INDICATOR READINGS AND RECORDED SCADA DATA
DATE: 4 AUGUST, 1993
SUMMARY OF DESCRIPTION OF EVENTS 
EVENT GATE CONFIGURATION
21 All gates open
22 All gates open
23 Gate #1 closed
24 All gates open
25 Gate #2 closed
26 All gates open
27 Gates #1 & #2 closed
28 All gates open
29 Gates #3 & #4 closed
30 All gates open
31 Gate #3 closed
32 All gates open
33 Gate #4 closed
34 All gates open
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FILENAME: EXPER2.WQ1
EXPERIMENT # 2 LOW FLOW CONDITIONS
CITY OF LAS VEGAS WPCF 
FLOW INDICATOR READINGS AND RECORDED SCADA DATA
DATE: 4 AUGUST, 1993
SUMMARY OF DESCRIPTION OF EVENTS
EVENT GATE CONFIGURATION
21 All gates open
22 All gates open
23 Gate #1 closed
24 All gates open
25 Gate #2 closed
26 All gates open
27 Gates #1 & #2 closed
28 All gates open
29 Gates #3 & #4 closed
30 All gates open
31 Gate #3 closed
32 All gates open
33 Gate #4 closed
34 All gates open
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APPENDIX III
INDIVIDUAL EXPERIMENTS AT PARSHALL FLUMES
Experiment # 3 
Experiment # 4 





EXPERIMENT # 3 STICKMETER READINGS - PARSHALL FLUME 1
DATE: 17 SEPTEMBER. 1993
Legends:
Z = Avg. depth to channel bottom (IN) = 56.125
P = Height of plumb (IN) = 3.625
D = Drop reading (IN) = (tabulated)
N ’= Depth of transition (IN) = 7.750
S = Depth of flume slope (IN) = 0.130
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EXPERIMENT # 4 STICKMETER READINGS - PARSHALL FLUME 2 
DATE: 15 OCTOBER, 1993
Legends:
Z = Avg. depth to channel bottom (IN) = 64.000
P = Height of plumb (IN) = 4.250
D = Drop reading (IN) = (tabulated)
N ’= Depth of transition (IN) = 7.700
S = Depth of flume slope (IN) = 0.000
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EXPERIMENT # 5 STICKMETER READINGS - PARSHALL FLUME 3 
DATE: 22 OCTOBER. 1993
Legends:
Z = Avg. depth to channel bottom (IN) = 45.000
P = Height of plumb (IN )= 3.625
D = Drop reading (IN) = (tabulated)
N’= Depth of transition (IN) = 7.925
S = Depth of flume slope (IN) = -0.020
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FILEN A M E: EXPER6.W Q1
E X PE R IM E N T  # 6 STIC K M ETER  R EA D IN G S - PA R SH A LL FLU M E 4 
DATE: 29 O C TO B ER . 1993
Le sends:
Z = Avg. depth to channel bottom  (IN) = 43.500
P = H eight of plum b (IN) = 3.625
D = Drop reading (IN) = (tabulated)
N ’= Depth o f transition (IN) = 8.875
S = Depth o f flum e slope (IN) = 0.020
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in CO o oo co CO 00 oo CO in cO oo m co 00 © in m CO 00 00ON co cs in 00 CO in in 00 tt CO wo tt CO in cs © CO wo wo© z 00 00 in Cn © CO CN CN © —« 00 CN 00 Cn in oo © 00 ON aX NO NO NO NO r-'" NO © NO r-* © NO r-* © NO NO NO NO NO N6
in 00 © CO 00 00 CO CO 00 in 00 CO m 00 CO © m WO oo CO COcs 00 c © CO 00 © © CO r- 00 © o- oo © © cs r- 00 © ©
n  z •—I in © CN — © © CN 00 — © 00 © in CO *— © ©U4 ~ TI­ d Tf CO d Tf d CO CO d d CO d d CO d 'dcs CS cs cs cs cs CS cs cs cs cs cs cs cs cs cs cs cs cs cs cs
CO 00 NO © ON © CO © 00 r^ r- Tt* cs © r- © 00 wo cs oo © © , «4>
.22 a CO 1 X in cs in CO rt CO CO CO NO cs ON NO wo 00 NO cs
NJ
-5 a 00 oo" 00 oo 00 00 00 00 00 00 00 00 00 00 00 oo oo oo 00 00 00 OO ©
a s
Os o in wo © CO in 00 © cs CO © , , ON as cs r- CO © r-
kW
f«wCS in CO Tf CO tt CO CO S“ CO S" cs © Tf uo co CO © r**C3 r-> r-; r-( r*; r- r- l> r-e r- r-
ac E © d
X o 00 r- m CO cs © 00 r- in CO rs © 00 r- m CO cs © 00 CO wo via< © © —« cs CO Tf in m © r- 00 CN o © cs CO 3; wo wo © 00 © Nvi*
os CO CO CO CO CO CO CO co CO CO CO CO CO Tf rf CO ©
N
oLL. rsS *—m t—*—■ <—1 — »— — T—U4
2
E-
UJ 00 in CN in © © uo rs in CO in T}* in in in © wo r- wo 00
s z 00
— On cs © cs X cs cs 04 co CS d cs in rs NO cs r-’ rs
P 1
CS cs cs CS cs cs (04 cs
*> Oi
UJ 00 a UJQ Occ
^  OS > oz




EXPERIMENTS AT EFFLUENT PROPELLER METERS
Experiment # 7 
Experiment # 8
394
EX PER IM EN T #7 PRO PELLER  M ETERS
DIA L M ETERS DATA
DATE: 5 N O V EM BER . 1993
Legends:
MF= m ultiplier factor for dial reading =
Nunc= uncorrected reading at north m eter (G PM )/M F 
Sunc= uncorrected  reading at south m eter (G PM )/M F 
SUM unc = uncorrected sum  o f north and south m eters (M G D ) 
C .F.N .= avg correction factor for north m eter (G PM )/M F= 
C.F.S.= avg correction factor fo r south m eter (G PM )/M F= 
Ncorr= corrected  reading at north m eter (M G D )
Scorr= corrected reading at south  m eter (M G D )
SU M corr = corrected  sum  o f north and south m eters (M G D ) 
conv.= conversion factor from  (GPM ) to (M G D ) =
*: RA D IO  C A LL
























EVENT: ! SOUTH GATE CLOSED
TIM E FRAX Nunc Sunc SUMunc Ncorr Scorr SUM cor
(HRS) (GP.VD/MF (GPMVMF (MGD) (MGD) (MGD) (MGD)
< 7.933 22.00 0.00 31.7 0.029 -0.002 27.1
8.300 25.00 0.00 36.0 0.033 -0.002 31.4
8.417 25.00 0.00 36.0 0.033 -0.002 31.4
8.433 25.50 0.00 36.7 0.034 -0.002 32.1
8.450 25.30 0.00 36.4 0.034 -0.002 31.8
8.467 25.50 0.00 36.7 0.034 -0.002 32.1
8.483 26.00 0.00 37.4 0.035 -0.002 32.8
8.500 26.50 0.00 38.2 0.036 -0.002 33.6
AVG. 8.373 25.10 0.00 36.1 0.033 -0.002 31.5
397
EVENT: BOTH GATES OPEN
TIM E FRAX Nunc Sunc SUMunc Ncorr Scorr SUMcor
(HRS) (GPMVMF (GPMVMF! (MGD) (MGD) (MGD) (MGD)
8.533 26.00 0.00 37.4 0.035 -0.002 32.8
8.542 25.00 0.00 36.0 0.033 -0.002 31.4
8.550 23.50 0.00 33.8 0.031 -0.002 29.2
8.558 22.50 2.50 36.0 0.030 0.002 31.4
8.567 22.50 5.00 39.6 0.030 0.005 35.0
8.575 21.00 7.00 40.3 0.028 0.008 35.7
8.583 20.00 7.50 39.6 0.026 0.009 35.0
8.592 19.50 9.50 41.8 0.025 0.012 37.2
8.600 17.55 10.00 39.7 0.023 0.012 35.1
8.608 16.75 12.50 42.1 0.021 0.016 37.5
8.617 15.00 12.50 39.6 0.019 0.016 35.0
8.625 15.00 12.50 39.6 0.019 0.016 35.0
8.633 14.95 13.00 40.2 0.019 0.017 35.6
8.642 15.00 13.00 40.3 0.019 0.017 35.7
8.650 15.00 13.50 41.0 0.019 0.017 36.4
8.658 15.00 13.00 40.3 0.019 0.017 35.7
* 8.667 15.00 13.00 40.3 0.019 0.017 35.7
8.675 15.00 13.50 41.0 0.019 0.017 36.4
8.683 15.00 13.50 41.0 0.019 0.017 36.4
8.692 15.00 14.00 41.8 0.019 0.018 37.2
8.700 15.00 13.50 41.0 0.019 0.017 36.4
8.708 15.00 13.50 41.0 0.019 0.017 36.4
8.717 15.00 13.00 40.3 0.019 0.017 35.7
8.725 15.00 13.75 41.4 0.019 0.018 36.8
8.733 15.00 13.00 40.3 0.019 0.017 35.7
8.742 15.00 13.00 40.3 0.019 0.017 35.7
8.750 15.00 14.50 42.5 0.019 0.019 37.9
8.758 15.00 14.50 42.5 0.019 0.019 37.9
8.767 15.00 13.75 41.4 0.019 0.018 36.8
8.775 15.00 14.00 41.8 0.019 0.018 37.2
8.783 15.00 14.50 42.5 0.019 0.019 37.9
AVG. 8.658 17.07 10.85 40.2 0.022 0.014 35.6
398
EVENT: SOUTH GATE CLOSED
TIM E FRAX Nunc Sunc SUMunc Ncorr Scorr SUM cor
(HRS') (GPMVMF (GPMVMF (MGD) (MGD1 (MGD) (MGD)
8.792 16.75 11.75 41.0 0.021 0.015 36.4
8.800 17.50 10.50 40.3 0.023 0.013 35.7
8.808 18.00 10.00 40.3 0.023 0.012 35.7
8.817 20.00 8.00 40.3 0.026 0.010 35.7
8.825 22.00 5.00 38.9 0.029 0.005 34.3
8.833 22.50 3.75 37.8 0.030 0.003 33.2
8.842 25.00 2.50 39.6 0.033 0.002 35.0
8.850 27.00 1.25 40.7 0.036 -0.000 36.1
8.858 27.00 1.25 40.7 0.036 -0.000 36.1
8.867 27.50 1.25 41.4 0.037 -0.000 36.8
8.875 27.50 1.25 41.4 0.037 -0.000 36.8
8.883 28.00 1.00 41.8 0.038 -0.001 37.2
* 8.892 28.00 1.00 41.8 0.038 -0.001 37.2
8.900 28.00 0.75 41.4 0.038 -0.001 36.8
8.908 28.00 0.75 41.4 0.038 -0.001 36.8
8.917 28.75 1.00 42.8 0.039 -0.001 38.2
8.925 29.50 1.00 43.9 0.040 -0.001 39.3
8.933 28.75 0.75 42.5 0.039 -0.001 37.9
8.942 29.50 0.50 43.2 0.040 -0.001 38.6
8.950 29.50 0.50 43.2 0.040 -0.001 38.6




30.00 0.00 43.2 0.041 -0.002 38.6
AVG. 8.888 25.83 2.92 41.4 0.035 0.002 36.8
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EVENT: 4 BOTH G A 'res OPEN
TIM E FRAX Nunc Sunc SUMunc Ncorr Scorr SUM cor
(HRS) (GPMVMF (GPMVMF (MGD) (MGD) (MGD) (MGD)
9.000 29.50 0.00 42.5 0.040 -0.002 37.9
9.008 30.00 0.00 43.2 0.041 -0.002 38.6
9.017 29.50 0.75 43.6 0.040 -0.001 39.0
9.025 28.75 1.25 43.2 0.039 -0.000 38.6
9.033 27.50 2.50 43.2 0.037 0.002 38.6
9.042 25.00 5.00 43.2 0.033 0.005 38.6
9.050 25.00 7.50 46.8 0.033 0.009 42.2
9.058 23.00 10.00 47.5 0.030 0.012 42.9
9.067 21.25 11.25 46.8 0.028 0.014 42.2
9.075 19.00 12.25 45.0 0.025 0.016 40.4
9.083 18.00 13.00 44.6 0.023 0.017 40.0
9.092 18.00 15.00 47.5 0.023 0.020 42.9
9.100 17.50 16.00 48.2 0.023 0.021 43.6
9.108 17.50 16.00 48.2 0.023 0.021 43.6
9.117 17.50 16.75 49.3 0.023 0.022 44.7
•Jfi 9.125
9.133
17.50 16.75 49.3 0.023 0.022 44.7
9.142 17.50 17.00 49.7 0.023 0.023 45.1
9.150 17.50 17.00 49.7 0.023 0.023 45.1
9.158 17.50 17.00 49.7 0.023 0.023 45.1
9.167 17.50 17.50 50.4 0.023 0.023 45.8
9.175 17.50 17.50 50.4 0.023 0.023 45.8
9.183 17.50 17.50 50.4 0.023 0.023 45.8
9.192 17.50 17.50 50.4 0.023 0.023 45.8
9.200 17.50 17.30 50.1 0.023 0.023 45.5
9.208 17.50 17.50 50.4 0.023 0.023 45.8
9.217 17.50 17.50 50.4 0.023 0.023 45.8
9.225 17.60 17.50 50.5 0.023 0.023 45.9
9.233 17.50 17.50 50.4 0.023 0.023 45.8
9.242 17.60 17.50 50.5 0.023 0.023 45.9
9.250 17.80 17.80 51.3 0.023 0.024 46.7
9.258 17.50 18.00 51.1 0.023 0.024 46.5
AVG. 9.129 20.24 13.08 48.0 0.027 0.017 43.4
400
EVENT: 5 SOUTH GATE CLOSED
TIME FRAX Nunc Sunc SUMunc Ncorr Scorr SUM cor
(HRS) (GPMVMF (GPMVMF (MGD) (M GD) (MGD) (M GD)
9.267 i 8.00 18.00 51.8 0.023 0.024 47.2
9.275 18.00 18.00 51.8 0.023 0.024 47.2
* 9.283 18.00 18.50 52.6 0.023 0.025 48.0
9.292 19.50 17.50 53.3 0.025 0.023 48.7
9.300 20.00 17.00 53.3 0.026 0.023 48.7
9.308 22.00 15.00 53.3 0.029 0.020 48.7
9.317 23.00 12.50 51.1 0.030 0.016 46.5
9.325 25.00 9.50 49.7 0.033 0.012 45.1
9.333 27.00 7.00 49.0 0.036 0.008 44.4
9.342 29.50 5.00 49.7 0.040 0.005 45.1
9.350 32.00 1.25 47.9 0.043 -0.000 43.3
9.358 32.50 1.25 48.6 0.044 -0.000 44.0
9.367 33.75 1.25 50.4 0.046 -0.000 45.8
9.375 33.75 1.25 50.4 0.046 -0.000 45.8
9.383 33.75 1.25 50.4 0.046 -0.000 45.8
9.392 34.00 1.25 50.8 0.046 -0.000 46.2
9.400 34.00 1.25 50.8 0.046 -0.000 46.2
9.408 34.00 1.25 50.8 0.046 -0.000 46.2
9.417 35.00 1.25 52.2 0.048 -0.000 47.6
9.425 35.00 1.25 52.2 0.048 -0.000 47.6
9.433 35.00 1.00 51.8 0.048 -0.001 47.2
9.442 34.50 1.00 51.1 0.047 -0.001 46.5
9.450 34.50 1.00 51.1 0.047 -0.001 46.5
9.458 35.00 1.00 51.8 0.048 -0.001 47.2
9.467 35.00 1.00 51.8 0.048 -0.001 47.2
9.475 35.00 1.00 51.8 0.048 -0.001 47.2
9.483 35.00 1.00 51.8 0.048 -0.001 47.2
9.492 34.50 1.00 51.1 0.047 -0.001 46.5
9.500 35.00 1.00 51.8 0.048 -0.001 47.2
9.508 35.00 1.00 51.8 0.048 -0.001 47.2
9.517 35.00 1.00 51.8 0.048 -0.001 47.2
9.525 35.00 1.00 51.8 0.048 -0.001 47.2
9.533 35.00 1.00 51.8 0.048 -0.001 47.2
9.542 35.00 1.00 51.8 0.048 -0.001 47.2
9.550 35.00 1.00 51.8 0.048 -0.001 47.2
AVG. 9.408 30.89 4.73 51.3 0.042 0.005 46.7
401
EVENT: (i BOTH GATES OPEN
TIME FRAX Nunc Sunc SUMunc Ncorr Scorr SUMcor
(HRS) (GPMVMF (GPMVMF (MGD) (MGD) (MGD) (MGD)
9.558 35.70 1.00 52.8 0.049 -0.001 48.2
9.567 35.00 1.00 51.8 0.048 -0.001 47.2
9.575 33.75 2.50 52.2 0.046 0.002 47.6
9.583 32.00 5.00 53.3 0.043 0.005 48.7
9.592 30.50 7.50 54.7 0.041 0.009 50.1
9.600 28.00 10.00 54.7 0.038 0.012 50.1
9.608 27.00 12.50 56.9 0.036 0.016 52.3
9.617 24.50 15.00 56.9 0.033 0.020 52.3
•* 9.625 23.75 16.75 58.3 0.032 0.022 53.7
9.633 22.00 20.00 60.5 0.029 0.027 55.9
9.642 22.00 20.00 60.5 0.029 0.027 55.9
9.650 20.50 20.00 58.3 0.027 0.027 53.7
9.658 20.50 20.00 58.3 0.027 0.027 53.7
9.667 21.00 20.00 59.0 0.028 0.027 54.4
9.675 20.40 20.00 58.2 0.027 0.027 53.6
9.683 20.50 20.00 58.3 0.027 0.027 53.7
9.692 20.40 20.00 58.2 0.027 0.027 53.6
9.700 21.00 20.10 59.2 0.028 0.027 54.6
9.708 20.50 20.10 58.5 0.027 0.027 53.9
9.717 20.50 20.10 58.5 0.027 0.027 53.9
9.725 20.50 20.10 58.5 0.027 0.027 53.9
9.733 20.50 20.10 58.5 0.027 0.027 53.9
9.742 20.50 20.20 58.6 0.027 0.027 54.0
9.750 21.00 20.30 59.5 0.028 0.027 54.9
9.758 21.00 20.00 59.0 0.028 0.027 54.4
AVG. 9.658 24.12 15.69 57.3 0.032 0.021 52.7
402
EVENT: NORTH GATE CLOSED
TIME FRAX Nunc Sunc SUM unc Ncorr Scorr SUMcor
i HRS') '(GPM VM F (GPMVMF (MGD) (MGD) (MGD) (MGD)
9.767 21.00 21.00 60.5 0.028 0.028 55.9
9.775 19.50 21.50 59.0 0.025 0.029 54.4
9.783 17.50 22.50 57.6 0.023 0.030 53.0
9.792 15.00 23.50 55.4 0.019 0.032 50.8
9.800 12.50 27.00 56.9 0.015 0.037 52.3
9.808 10.00 28.75 55.8 0.012 0.039 51.2
9.817 7.50 31.00 55.4 0.008 0.043 50.8
* 9.825 4.75 33.75 55.4 0.004 0.047 50.8
9.833 2.00 36.00 54.7 0.000 0.050 50.1






r i 37.00 56.2 0.000 0.051 51.6
9.858 2.00 37.00 56.2 0.000 0.051 51.6
9.867 2.00 37.00 56.2 0.000 0.051 51.6
9.875 2.00 37.50 56.9 0.000 0.052 52.3
9.883 2.00 37.50 56.9 0.000 0.052 52.3
9.892 2.00 37.50 56.9 0.000 0.052 52.3
9.900 2.00 37.50 56.9 0.000 0.052 52.3
9.908 2.00 37.50 56.9 0.000 0.052 52.3
9.917 2.00 37.60 57.0 0.000 0.052 52.4
9.925 2.00 37.60 57.0 0.000 0.052 52.4
9.933 2.00 37.60 57.0 0.000 0.052 52.4
9.942 2.00 37.60 57.0 0.000 0.052 52.4
9.950 2.00 37.60 57.0 0.000 0.052 52.4
9.958 2.00 37.60 57.0 0.000 0.052 52.4
AVG. 9.863 5.82 33.58 56.7 0.006 0.046 52.1
403
EVENT: 8 BOTH GATES OPEN
TIME FRAX Nunc Sunc SUMunc Ncorr Scorr SUMcor
(HRS) ('GPMVMF (GPMVMF (MGD) (M GD) (MGD) (MGD)
10.067
10.075
20.50 24.50 64.8 0.027 0.033 60.2
10.083 21.00 24.50 65.5 0.028 0.033 60.9
10.092 20.00 24.00 63.4 0.026 0.033 58.8
10.100 20.50 23.50 63.4 0.027 0.032 58.8
10.108 20.00 24.00 63.4 0.026 0.033 58.8
10.117 20.50 23.50 63.4 0.027 0.032 58.8
10.125 20.00 24.00 63.4 0.026 0.033 58.8
10.133 20.00 22.50 61.2 0.026 0.030 56.6
10.142 20.00 23.00 61.9 0.026 0.031 57.3
10.150 20.00 23.50 62.6 0.026 0.032 58.0
10.158 20.00 24.00 63.4 0.026 0.033 58.8
10.167 20.50 24.00 64.1 0.027 0.033 59.5
10.175 20.50 23.00 62.6 0.027 0.031 58.0
10.183 20.50 23.50 63.4 0.027 0.032 58.8
10.192 20.50 24.00 64.1 0.027 0.033 59.5
10.200 20.50 23.50 63.4 0.027 0.032 58.8
AVG. 10.133 20.31 23.69 63.4 0.027 0.032 58.8
404
EVENT: 9 SOUTH GATE CLOSED
TIM E FRAX Nunc Sunc SUMunc Ncorr Scorr SUM cor
(HRS) (GPMVMF (GPMVMF (MGD) (MGD) (MGD) (M GD)
10.267 23.00 9.50 54.0 0.038 0.012 49.4
10.275 32.00 5.00 53.3 0.043 0.005 48.7
10.283 34.00 4.00 54.7 0.046 0.004 50.1
10.292 34.00 2.00 51.8 0.046 0.001 47.2
10.300
10.308
35.00 2.00 53.3 0.048 0.001 48.7
10.317 36.50 2.00 55.4 0.050 0.001 50.8
10.325 36.50 2.00 55.4 0.050 0.001 50.8
10.333 36.00 2.00 54.7 0.049 0.001 50.1
10.342 36.00 2.00 54.7 0.049 0.001 50.1
10.350 37.00 2.00 56.2 0.051 0.001 51.6
10.358 37.00 2.00 56.2 0.051 0.001 51.6
10.367 37.00 2.00 56.2 0.051 0.001 51.6
10.375 37.00 2.00 56.2 0.051 0.001 51.6
10.383 36.00 2.00 54.7 0.049 0.001 50.1
10.392 37.00 2.00 56.2 0.051 0.001 51.6
10.400 37.00 2.00 56.2 0.051 0.001 51.6
10.408 36.50 2.00 55.4 0.050 0.001 50.8
10.417 37.00 2.00 56.2 0.051 0.001 51.6
AVG. 10.342 35.53 2.69 55.0 0.049 0.002 50.4
405
EVENT: 10 BOTH GATES OPEN
TIM E FRAX Nunc Sunc SUMunc Ncorr Scorr SUM cor
(HRS') (GPMVMF (GPM VM F (MGD) (MGD) (MGD) (MGD)
10.450
10.458
33.00 5.00 54.7 0.045 0.005 50.1
10.467 31.00 9.00 57.6 0.042 0.011 53.0
10.475 29.50 11.50 59.0 0.040 0.015 54.4
10.483 27.50 14.00 59.8 0.037 0.018 55.2
10.492 25.00 16.00 59.0 0.033 0.021 54.4
10.500 23.00 18.50 59.8 0.030 0.025 55.2
10.508 22.50 20.50 61.9 0.030 0.028 57.3
10.517 21.50 21.50 61.9 0.028 0.029 57.3
10.525 21.50 22.00 62.6 0.028 0.030 58.0
10.533
10.542
21.50 21.50 61.9 0.028 0.029 57.3
10.550 22.00 21.00 61.9 0.029 0.028 57.3
10.558 21.50 21.50 61.9 0.028 0.029 57.3
10.567 21.50 21.00 61.2 0.028 0.028 56.6
10.575 21.50 21.00 61.2 0.028 0.028 56.6
10.583 21.50 21.00 61.2 0.028 0.028 56.6
10.592 21.50 21.00 61.2 0.028 0.028 56.6
10.600 21.00 21.00 60.5 0.028 0.028 55.9
10.608 21.00 21.00 60.5 0.028 0.028 55.9
10.617 20.50 21.00 59.8 0.027 0.028 55.2
10.625 21.50 20.50 60.5 0.028 0.028 55.9
10.633 20.50 20.50 59.0 0.027 0.028 54.4





21.00 20.50 59.8 0.028 0.028 55.2
AVG. 10.563 23.11 18.74 60.3 0.031 0.025 55.7
406
EVENT: 1 1 NORTH GATE CLOSED
TIM E FRAX Nunc Sunc SUMunc Ncorr Scorr SUMcor
'HRS') (GPMVMF (GPMVMF (MGD) (M GD) (MGD) (MGD)
10.683 20.50 21.00 59.8 0.027 0.028 55.2
10.692 19.50 21.50 59.0 0.025 0.029 54.4
10.700 17.50 22.50 57.6 0.023 0.030 53.0
10.708 15.50 25.50 59.0 0.020 0.035 54.4
10.717 12.50 27.50 57.6 0.015 0.038 53.0
10.725 10.00 30.00 57.6 0.012 0.041 53.0
10.733 7.50 32.50 57.6 0.008 0.045 53.0
10.742 2.50 34.00 52.6 0.001 0.047 48.0
10.750 1.50 37.50 56.2 - 0.000 0.052 51.6
10.758 1.50 37.50 56.2 - 0.000 0.052 51.6
10.767 1.50 37.50 56.2 - 0.000 0.052 51.6
10.775 1.50 38.00 56.9 - 0.000 0.053 52.3
10.783 1.50 38.00 56.9 - 0.000 0.053 52.3
10.792 1.50 38.00 56.9 - 0.000 0.053 52.3
10.800 1.50 38.00 56.9 - 0.000 0.053 52.3
10.808 1.50 39.00 58.3 - 0.000 0.054 53.7
10.817 1.50 39.00 58.3 - 0.000 0.054 53.7
10.825 1.50 39.50 59.0 - 0.000 0.055 54.4
10.833 1.50 38.50 57.6 - 0.000 0.053 53.0
10.842 1.50 38.50 57.6 - 0.000 0.053 53.0
10.850 1.50 38.00 56.9 - 0.000 0.053 52.3
10.858 1.50 37.50 56.2 - 0.000 0.052 51.6
10.867 1.50 37.50 56.2 - 0.000 0.052 51.6
10.875 1.50 38.00 56.9 - 0.000 0.053 52.3
10.883 1.50 38.00 56.9 - 0.000 0.053 52.3
AVG. 10.783 5.24 34.50 57.2 0.005 0.048 52.6
407
EVENT: 12 BOTH GATES OPEN
TIM E FRAX Nunc Sunc SUMunc Ncorr Scorr SUM cor
(HRS) fGPMVMF fGPMVMF (MGD) (MGD) (M GD) fMGD)
10.908 2.50 35.00 54.0 0.001 0.048 49.4
10.917 7.00 33.00 57.6 0.007 0.046 53.0
10.925
10.933
9.50 32.00 59.8 0.011 0.044 55.2
10.942 15.00 28.00 61.9 0.019 0.038 57.3
10.950 17.00 26.50 62.6 0.022 0.036 58.0
10.958 18.50 23.50 60.5 0.024 0.032 55.9
10.967 20.00 22.00 60.5 0.026 0.030 55.9
10.975 20.50 22.00 61.2 0.027 0.030 56.6
10.983 20.50 22.00 61.2 0.027 0.030 56.6
10.992 20.50 22.00 61.2 0.027 0.030 56.6
* 11.000 21.00 22.00 61.9 0.028 0.030 57.3
11.008 21.00 22.00 61.9 0.028 0.030 57.3
11.017 20.50 22.00 61.2 0.027 0.030 56.6
11.025 20.50 22.00 61.2 0.027 0.030 56.6
11.033 20.30 22.00 60.9 0.027 0.030 56.3
11.042 20.50 22.00 61.2 0.027 0.030 56.6
11.050 20.30 22.00 60.9 0.027 0.030 56.3
11.058 20.50 22.00 61.2 0.027 0.030 56.6
11.067 20.50 22.00 61.2 0.027 0.030 56.6
11.075 20.50 22.00 61.2 0.027 0.030 56.6
11.083 20.50 21.50 60.5 0.027 0.029 55.9
11.092 20.00 22.00 60.5 0.026 0.030 55.9
11.100 20.50 21.25 60.1 0.027 0.029 55.5
11.108 20.00 21.25 59.4 0.026 0.029 54.8
11.117 20.00 21.25 59.4 0.026 0.029 54.8
11.125 20.00 21.25 59.4 0.026 0.029 54.8
AVG 11.017 18.37 23.63 60.5 0.024 0.032 55.9
408
EVENT: !3 SOUTH GATE CLOSED
TIM EFRAX Nunc Sunc SUMunc Ncorr Scorr SUM cor
'HRS) fGPM VM F fGPMVMF (MGD) (MGD) (MGD) fMGD)
11.133 20.00 21.25 59.4 0.026 0.029 54.8
1 1.142 20.00 21.00 59.0 0.026 0.028 54.4
1 1.150 20.00 20.00 57.6 0.026 0.027 53.0
11.158 21.25 17.50 55.8 0.028 0.023 51.2
1 1.167 23.00 16.75 57.2 0.030 0.022 52.6
11.175 25.00 12.50 54.0 0.033 0.016 49.4
1 1.183 27.00 10.00 53.3 0.036 0.012 48.7
11.192 28.75 7.50 52.2 0.039 0.009 47.6
1 1.200 31.25 5.00 52.2 0.042 0.005 47.6
11.208 33.00 2.00 50.4 0.045 0.001 45.8
11.217 35.00 1.25 52.2 0.048 - 0.000 47.6
11.225 35.00 1.25 52.2 0.048 - 0.000 47.6
11.233 34.50 1.25 51.5 0.047 - 0.000 46.9
11.242 35.00 1.25 52.2 0.048 - 0.000 47.6
11.250 35.00 1.25 52.2 0.048 - 0.000 47.6
11.258 35.00 1.25 52.2 0.048 - 0.000 47.6
11.267 36.00 1.25 53.6 0.049 - 0.000 49.0
11.275 36.00 1.25 53.6 0.049 - 0.000 49.0
11.283 36.00 1.25 53.6 0.049 - 0.000 49.0
11.292 36.00 1.25 53.6 0.049 - 0.000 49.0
11.300 36.00 1.25 53.6 0.049 - 0.000 49.0
11.308 36.00 1.25 53.6 0.049 - 0.000 49.0
11.317 36.00 1.25 53.6 0.049 - 0.000 49.0
11.325 36.00 1.25 53.6 0.049 - 0.000 49.0
AVG. 11.229 31.11 6.29 53.9 0.042 0.007 49.3
409
EVENT: 14 BOTH GA'fES OPEN
TIM E FRAX Nunc Sunc SUMunc Ncorr Scorr SUM cor
(HRS') (GPM1/MF fGPMVMF (MGD) (MGD) (MGD") (MGD)
11.333 36.00 1.25 53.6 0.049 -0.000 49.0
11.342 36.00 1.25 53.6 0.049 -0.000 49.0
11.350 35.00 1.25 52.2 0.048 -0.000 47.6
11.358 33.00 4.50 54.0 0.045 0.005 49.4
11.367 32.00 7.00 56.2 0.043 0.008 51.6
11.375 30.00 9.50 56.9 0.041 0.012 52.3
11.383 29.00 12.00 59.0 0.039 0.015 54.4
11.392 27.00 12.50 56.9 0.036 0.016 52.3
11.400 25.00 15.00 57.6 0.033 0.020 53.0
11.408 23.75 17.50 59.4 0.032 0.023 54.8
11.417 22.50 18.75 59.4 0.030 0.025 54.8
11.425 22.00 21.00 61.9 0.029 0.028 57.3
* 11.433 21.25 21.00 60.8 0.028 0.028 56.2
11.442 21.50 21.00 61.2 0.028 0.028 56.6
11.450 20.50 20.50 59.0 0.027 0.028 54.4
11.458 21.50 21.00 61.2 0.028 0.028 56.6
11.467 21.00 21.00 60.5 0.028 0.028 55.9
11.475 21.00 20.50 59.8 0.028 0.028 55.2
11.483 21.00 20.50 59.8 0.028 0.028 55.2
11.492 21.00 20.50 59.8 0.028 0.028 55.2
11.500 20.50 20.50 59.0 0.027 0.028 54.4
11.508 21.00 20.50 59.8 0.028 0.028 55.2
11.517 21.00 20.50 59.8 0.028 0.028 55.2
11.525 20.00 20.50 58.3 0.026 0.028 53.7
11.533 21.00 20.50 59.8 0.028 0.028 55.2
11.542 21.00 20.50 59.8 0.028 0.028 55.2
11.550 21.00 20.00 59.0 0.028 0.027 54.4
11.558 21.00 20.00 59.0 0.028 0.027 54.4
11.567 20.50 19.50 57.6 0.027 0.026 53.0
AVG. 11.450 24.38 16.21 58.4 0.032 0.021 53.8
410
EVENT: ! 5 NORTH GATE CLOSED
TIM E FRAX Nunc Sunc SUM unc Ncorr Scorr SUMcor
(HRSi (GPMVMF 1 (GPMVMF (MGD) (MGD) (MGD) (MGD)
11.575 20.50 19.50 57.6 0.027 0.026 53.0
11.583 19.00 20.50 56.9 0.025 0.028 52.3
11.592 18.00 22.00 57.6 0.023 0.030 53.0
11.600 18.75 23.50 60.8 0.024 0.032 56.2
11.608 14.00 25.00 56.2 0.018 0.034 51.6
1 1.617 10.00 27.50 54.0 0.012 0.038 49.4
11.625 8.75 31.00 57.2 0.010 0.043 52.6
11.633 5.00 33.00 54.7 0.005 0.046 50.1
1 1.642 2.50 35.00 54.0 0.001 0.048 49.4
'■'fi 11.650 2.00 36.00 54.7 0.000 0.050 50.1
11.658 2.00 36.75 55.8 0.000 0.051 51.2
11.667 2.00 37.00 56.2 0.000 0.051 51.6
11.675 2.00 37.00 56.2 0.000 0.051 51.6
11.683 2.00 37.00 56.2 0.000 0.051 51.6
11.692 2.00 37.00 56.2 0.000 0.051 51.6
11.700 2.00 37.50 56.9 0.000 0.052 52.3
11.708 2.00 37.00 56.2 0.000 0.051 51.6
11.717 2.00 37.00 56.2 0.000 0.051 51.6
11.725 2.00 37.00 56.2 0.000 0.051 51.6
11.733 2.00 37.00 56.2 0.000 0.051 51.6
11.742 2.00 37.50 56.9 0.000 0.052 52.3
11.750 2.00 37.50 56.9 0.000 0.052 52.3
11.758 2.00 37.50 56.9 0.000 0.052 52.3
11.767 2.00 37.50 56.9 0.000 0.052 52.3
11.775 2.00 37.50 56.9 0.000 0.052 52.3
1 1.783 2.00 37.50 56.9 0.000 0.052 52.3
AVG 11.679 5.79 33.39 56.4 0.006 0.046 51.8
411
EVENT: 16 BOTH GA'fES OPEN
TIM E FRAX Nunc Sunc SUMunc Ncorr Scorr SUM cor
(HRS) fGPMVMF 1 fGPMVMF fMGD) fMGD) fMGD) fMGD)
1 1.792 2.00 37.50 56.9 0.000 0.052 52.3
11.800 2.00 37.00 56.2 0.000 0.051 51.6
11.808 3.00 35.50 55.4 0.002 0.049 50.8
1 1.817 7.00 32.50 56.9 0.007 0.045 52.3
11.825 9.50 32.00 59.8 0.011 0.044 55.2
11.833 11.00 30.50 59.8 0.013 0.042 55.2
11.842 13.00 28.00 59.0 0.016 0.038 54.4
11.850 16.00 23.00 56.2 0.020 0.031 51.6
11.858 17.50 23.75 59.4 0.023 0.032 54.8
11.867 19.00 23.00 60.5 0.025 0.031 55.9
11.875 19.00 21.75 58.7 0.025 0.029 54.1
11.883 19.00 21.00 57.6 0.025 0.028 53.0
11.892 19.00 21.00 57.6 0.025 0.028 53.0
11.900 19.00 20.50 56.9 0.025 0.028 52.3
11.908 19.00 20.50 56.9 0.025 0.028 52.3
* 11.917 19.00 20.50 56.9 0.025 0.028 52.3
11.925 19.00 20.50 56.9 0.025 0.028 52.3
11.933 19.00 20.50 56.9 0.025 0.028 52.3
11.942 19.00 20.00 56.2 0.025 0.027 51.6
11.950 19.00 20.50 56.9 0.025 0.028 52.3
11.958 19.00 20.50 56.9 0.025 0.028 52.3
11.967 19.00 21.00 57.6 0.025 0.028 53.0
11.975 19.00 21.00 57.6 0.025 0.028 53.0
11.983 19.00 21.00 57.6 0.025 0.028 53.0
12.000 19.00 19.00 54.7 0.025 0.025 50.1
12.008 19.00 20.00 56.2 0.025 0.027 51.6
12.017 19.00 20.00 56.2 0.025 0.027 51.6
12.025 19.00 20.00 56.2 0.025 0.027 51.6
12.033 19.00 19.50 55.4 0.025 0.026 50.8
12.042 19.00 19.50 55.4 0.025 0.026 50.8
AVG. 1 1.914 16.00 23.70 57.2 0.020 0.032 52.6
412
EVENT: 17 SOUTH G ATE CLOSED
TIM E FRAX Nunc Sunc SUMunc Ncorr Scorr SU M cor
(HRS) (GPMVMF 1 (GPM VM F (MGD) (MGD) (MGD) (M GD)
12.050 19.00 20.00 56.2 0.025 0.027 51.6
12.058 19.00 20.00 56.2 0.025 0.027 51.6
12.067 20.00 18.75 55.8 0.026 0.025 51.2
12.075 22.00 16.75 55.8 0.029 0.022 51.2
12.083 
12.092
24.00 11.75 51.5 0.032 0.015 46.9
12.100 27.00 7.50 49.7 0.036 0.009 45.1
12.108 27.50 6.75 49.3 0.037 0.008 44.7
12.117 31.00 3.75 50.0 0.042 0.003 45.4
12.125 32.50 1.25 48.6 0.044 - 0.000 44.0
12.133 32.50 1.25 48.6 0.044 - 0.000 44.0
12.142 33.00 1.25 49.3 0.045 - 0.000 44.7
12.150 33.50 1.25 50.0 0.046 - 0.000 45.4
12.158 34.00 1.25 50.8 0.046 - 0.000 46.2
* 12.167 33.50 1.25 50.0 0.046 - 0.000 45.4
12.175 33.50 1.25 50.0 0.046 - 0.000 45.4
12.183 34.00 1.25 50.8 0.046 - 0.000 46.2
12.192 34.00 1.25 50.8 0.046 - 0.000 46.2
12.200 34.00 1.25 50.8 0.046 - 0.000 46.2
12.208 34.00 1.25 50.8 0.046 - 0.000 46.2
12.217 34.00 1.25 50.8 0.046 - 0.000 46.2
12.225 34.00 1.25 50.8 0.046 - 0.000 46.2
12.233 34.00 1.25 50.8 0.046 - 0.000 46.2
12.242 34.75 1.25 51.8 0.047 - 0.000 47.2
12.250 34.00 1.25 50.8 0.046 - 0.000 46.2
12.258 34.00 1.25 50.8 0.046 - 0.000 46.2
12.267 34.00 1.25 50.8 0.046 - 0.000 46.2
12.275 34.00 1.25 50.8 0.046 - 0.000 46.2
12.283 34.00 1.25 50.8 0.046 - 0.000 46.2
AVG 12.167 30.88 4.65 51.2 0.042 0.005 46.6
FILEN A M E: EXPER7S.W Q1
E X PE R IM E N T  # DATA R E C O R D E D  BY SCA DA
DA TE: 5 N O V EM BER . 1993
P F  #  : Influent flow in Parshall flum e (M G D )
IN D .Q in : Total influent flow indicated  by SCA D A  (M GD) 
C A LC .Q in: Total calculated influent flow  (M G D )
ErrorQ in: E rror in influent = (C A L C .Q in-IN D .Q in)/C A L C .Q in  (%) 
IN D .Q out: Total effluent flow  indicated  by SCA D A  (M G D ) 





















EVENT: 1 SOUTH GATE CLOSED
INFLUENT EFFLU1ENT
TIM E











(HRS') (MGD (MGE (MGD (MGD (M GD (M GD % (MGD) (MGD)
7.933
8.300
8.417 10.4 11.4 7.2 7.3 37.8 36.3 -4.13% 33.9 3.9
8.433 10.4 11.4 7.2 7.2 37.8 36.2 -4.42% 33.9 3.9
8.450 10.2 11.6 7.2 7.2 37.1 36.2 -2.49% 33.9 3.2
8.467 10.2 11.1 7.1 7.2 37.1 35.6 -4.21% 33.9 3.2
8.483 10.1 11.8 7.1 7.2 37.1 36.2 -2.49% 33.9 3.2
8.500 10.1 11.8 7.1 7.2 37.1 36.2 -2.49% 33.9 3.2
AVG 8.373 10.2 1 1.5 7.2 7.2 37.3 36.1 -3.37% 33.9 3.4
415
EVENT: 2 BOTH GATES OPEN
INFLUENT EFFLUENT
TIME






























8.683 10.8 12.4 7.5 7.4 37.6 38.1 1.31% 37.5 0.1
8.692
8.700 10.8 12.4 7.6 7.5 37.6 38.3 1.83% 37.5 0.1
8.708
8.717 10.8 12.4 7.6 7.5 38.1 38.3 0.52% 37.5 0.6
8.725
8.733 15.9 15.3 8.1 7.8 46.4 47.1 1.49% 37.5 8.9
8.742
8.750 16.6 15.7 8.4 8.2 48.3 48.9 1.23% 37.5 10.8
8.758
8.767 16.8 16.0 8.5 8.3 48.5 49.6 1 37.5 11.0
8.775
8.783
a v q 8.658 13.6 14.0 8.0 7.8 42.8 43.4 1.43%] 37.5 5.3
416
EVENT: 3 SOUTH GATE CLOSED
INFLUENT EFFLU1ENT
TIME



























8.917 13.4 13.5 7.9 7.9 44.1 42.7 -3.28% 39.3 4.8
8.925
8.933 13.4 13.5 7.9 7.9 44.1 42.7 -3.28% 39.3 4.8
8.942
8.950 13.1 14.2 7.9 7.9 43.1 43.1 0.00% 39.3 3.8
8.958
8.967 12.9 14.1 7.8 7.9 43.1 42.7 -0.94% 39.3 3.8
8.975
8.983 12.9 14.1 7.8 7.8 43.1 42.6 -1.17% 39.3 3.8
AVG 8.888 13.1 13.9 7.9 7.9 43.5 42.8 -1.73% 39.3 4.2
417
EVENT: 4 BOTH GATES OPEN
INFLUENT EFFLU1ENT
TIM E IND. CALC ERROR IND. IND.
FRAX PF 1 PF 2 PF 3 PF 4 Qin Qin Qin Qout delQ



















12.9 15.9 7.8 7.8 43.1 42.4 -1.65% 39.4 3.7
9.150
9.158
19.1 18.4 9.0 8.9 54.7 55.4 1.26% 44.2 10.5
9.167
9.175
18.6 18.6 9.0 8.8 54.2 55.0 1.45% 45.0 9.2
9.183
9.192
19.3 19.2 9.1 9.0 56.0 56.6 1.06% 46.4 9.6
9.200
9.208
18.7 18.7 9.1 9.1 56.0 55.6 -0.72% 46.4 9.6
9.217
9.225





0.0 18.0 8.9 9.0 54.9 35.9 -52.92% 46.4 8.5
AVG 9.129 15.3 18.0 8.8 8.8 53.4 50.9 -7.15 % 44.9 8.5
418
EVENT: 5 SOUTH GATE CLOSED
INFLUENT EFFLU1£NT
TIM E




























9.400 17.1 16.9 8.7 8.6 53.2 51.3 47.7 5.5
9.408
9.417 17.0 16.2 8.6 8.6 53.2 50.4 -5.56% 47.7 5.5
9.425
9.433 16.7 16.7 8.6 8.5 52.8 50.5 -4.55% 47.7 5.1
9.442
9.450 17.0 17.2 8.6 8.5 52.8 51.3 -2.92% 47.7 5.1
9.458
9.467 18.2 18.6 9.0 8.8 52.9 54.6 3.11% 47.7 5.2
9.475









AVG 9.408 17.3 17.3 8.7 8.6 53.0 52.0 -2.05%l 47.7 5.3
419
EVENT: 6 BOTH GATES OPEN
INFLUENT EFFLU1ENT
TIM E























9.650 17.2 17.7 8.8 8.8 54.1 52.5 -3.05% 53.9 0.2
9.658
9.667 18.4 18.2 9.0 8.9 54.1 54.5 0.73% 53.9 0.2
9.675
9.683 18.2 18.1 9.0 8.9 54.1 54.2 0.18% 54.7 -0.6
9.692
9.700 18.2 18.0 8.9 8.8 54.1 53.9 -0.37% 54.7 -0.6
9.708
9.717 18.2 18.1 9.0 8.9 54.1 54.2 0.18% 54.7 -0.6
9.725




AVG 9.658 18.1 18.0 9.0 8.9 54.1 53.9 -0.36% 54.4 -0.3
4 2 0
EVENT: 7 NORTH GATE CLOSED
INFLUENT EFFLU ENT
TIME IND. CALC ERROR IND. IND.
FRAX PF 1 PF 2 PF 3 PF 4 Qin Qin Qin Qout delQ











9.850 18.2 18.7 9.0 8.9 54.2 54.8 1.09% 51.1 3.1
9.858
9.867 18.0 18.6 9.0 8.9 54.5 54.5 0.00%J 51.1 3.4
9.875
9.883 18.5 19.1 9.0 9.0 55.1 55.6 0.90% 53.8 1.3
9.892
9.900 18.7 19.1 9.0 9.0 54.8 55.8 1.79% 53.8 1.0
9.908
9.917 18.5 18.9 9.0 8.9 54.8 55.3 0.90% 53.8 1.0
9.925




AVG 9!863 | 18.4 18.81 9.0 9.0 54.7 55.1 0.78 % 52.9 1.8
4 2 1
EVENT: 8 BOTH GATES OPEN
INFLUENT EFFLUENT
TIME











(HRS') (MGD (MGD (MGD (M GD (M GD (MGD % (MGD) (MGD)
10.067
10.075
10.083 19.1 18.2 9.0 9.0 54.8 55.3 0.90% 58.5 -3.7
10.092
10.100 18.9 19.3 9.0 9.0 54.8 56.2 2.49% 58.5 -3.7
10.108 
10.117 18.8 19.2 9.1 9.1 54.8 56.2 2.49% 56.4 -1.6
10.125
10.133 18.8 18.4 9.0 9.0 55.0 55.2 0.36% 56.4 -1.4
10.142
10.150 18.7 18.6 9.1 9.0 55.0 55.4 0.72% 56.4 -1.4
10.158





AVG 10.133 18.8 18.7 9.1 9.0 54.9 55.6 1.16% 57.1 -2.2
422
EVENT: 9 SOUTH GATE CLOSED
INFLUENT EFFLUENT
TIM E


















10.317 18.4 18.4 9.1 9.1 55.6 55.0 - 1.09% 48.0 7.6
10.325
10.333 18.3 18.4 9.1 9.0 55.6 54.8 -1.46% 48.0 7.6
10.342
10.350 19.2 19.5 9.2 9.1 55.6 57.0 2.46% 50.5 5.1
10.358
10.367 19.2 18.8 9.1 9.1 55.6 56.2 1.09% 50.5 5.1
10.375
10.383 18.7 19.3 9.2 9.1 55.6 56.3 1.24% 50.5 5.1
10.392
10.400 18.8 19.0 9.1 9.1 55.6 56.0 0.71% 50.5 5.1
10.408
10.417
Avq 10.342 18.8 18.9 9.1 9.1 55.6 55.9 0.49% 49.7 5.9
423
EVENT: 10 BOTH GATES OPEN
INFLUENT EFFLU1ENT
TIM E


































10.633 18.3 18.6 9.1 9.1 55.5 55.1 -0.73% 57.0 -1.5
10.642
10.650 18.1 18.0 9.0 9.0 55.5 54.1 -2.59% 57.0 -1.5
10.658
10.667 17.7 17.8 8.9 8.9 55.9 53.3 -4.88% 57.0 -1.1
10.675
Avq 10.563 18.0 18.1 9.0 9.0 55.6 54.2 -2.73%] 57.0 -1.4
424
EVENT: 11 NORTH GATE CLOSED
INFLUENT EFFLUENT
TIM E IND. CALC] ERROR IND. IND.
FRAX PF 1 PF 2 PF 3 PF 4 Qin Qin Qin Qout delQ
(HRS') (MGD (MGD (MGD (MGD (MGD (M GD % (MGD1 (MGD1
10.683
10.692
18.7 i 9.9 9.1 9.1 56.5 56.8 0 .5 3 ^ 57.0 -0.5
10.700
10.708









18.8 19.6 9.2 9.1 57.8 56.7 -1.94% 57.0 0.8
10.783
10.792
18.4 18.3 9.1 9.2 57.7 55.0 -4.91% 53.0 4.7
10.800
10.808
18.5 18.5 9.0 9.1 57.7 55.1 -4.72% 53.0 4.7
10.817
10.825
19.0 19.7 9.1 9.1 57.5 56.9 -1.05% 55.5 2.0
10.833
10.842






18.7 18.5 9.0 9.1 56.8 55.3 -2.71% 54.6 2.2
AVG 10.783 18.8 19.1 9.1 9.1 57.2 56.2 -1.92% 55.3 1.9
425
EVENT: 12 BOTH GATES OPEN
INFIX'ENT EFFLU1ENT
TIME

























11.017 18.4 19.1 9.1 9.0 54.3 55.6 2.34% 56.7 -2.4
11.025
11.033 18.8 18.9 9.2 9.1 54.3 56.0 3.04% 57.3 -3.0
11.042 
11.050 18.7 18.7 9.0 9.1 54.3 55.5 2.16% 57.3 -3.0
11.058
11.067 18.5 18.9 9.1 9.0 54.3 55.5 2.16% 57.3 -3.0
11.075 
11.083 18.3 18.5 9.1 9.0 54.3 54.9 1.09% 57.3 -3.0
11.092




AVG 1 1.017 18.5 18.8 ‘>.1 9.0 54.3 55.4 1.98%! 57.2 -2.9
426
EVENT: 13 SOUTH GATE CLOSED
INFLUENT EFFLU15NT
TIME
























11.233 18.4 19.3 9.0 9.0 55.3 55.7 0.72% 46.9 8.4
11.242
11.250 18.4 18.8 9.1 9.0 55.3 55.3 0.00% 46.9 8.4
11.258
11.267 18.2 18.9 9.1 9.1 55.3 55.3 0.00% 46.9 8.4
11.275 
11.283 17.7 18.0 9.0 9.0 55.3 53.7 -2.98% 46.9 8.4
11.292 
11.300 17.8 18.5 9.0 9.0 55.3 54.3 -1.84% 46.9 8.4
11.308 
11.317 17.7 17.7 9.0 9.0 55.3 53.4 -3.56% 46.9 8.4
11.325
AVGI 11.229 18.0 18.5 9.0 9.0 55.3 54.6 -1.28% 46.9 8.4
4 2 7
EVENT: 14 BOTH GATES OPEN
INFLUENT EFFLU1ENT
TIM E


























11.450 18.2 18.1 9.1 9.0 53.4 54.4 1.84 % 57.1 -3.7
11.458
11.467 18.0 18.7 9.1 9.0 53.4 54.8 2.55% 57.1 -3.7
11.475 
11.483 17.7 18.3 9.1 9.0 54.4 54.1 -0.55% 54.5 -0.1
11.492 
11.500 17.9 17.9 9.0 8.9 54.5 53.7 -1.49% 54.5 0.0
11.508
11.517 17.6 18.0 9.0 8.9 54.5 53.5 -1.87% 54.5 0.0
11.525





A v q 11.450 17.8 18.2 9.1 9.0 53.8 54.0 0.30% 55.4 -1.5
428
EVENT: 15 NORTH GATE CLOSED
INFLUENT EFFLU1ENT
TIME























11.667 17.8 18.0 8.9 8.9 53.3 53.6 0.56 % 50.1 3.2
11.675
11.683 17.6 17.9 9.0 8.9 53.3 53.4 0.19% 50.1 3.2
11.692
11.700 17.5 17.3 8.9 8.9 53.3 52.6 -1.33% 52.6 0.7
11.708
11.717 17.2 17.7 9.0 8.9 53.3 52.8 -0.95% 52.6 0.7
11.725
11.733 17.2 17.7 8.9 8.9 52.7 52.7 0.00% 52.6 0.1
11.742





AVG 11.679 17.4 17.6 8.9 8.9 53.1 52.9 -0.48% 51.8 1.3
429
EVENT: 16 BOTH GATES OPEN
INFLUENT EFFLU ENT
TIM E





























11.933 16.5 16.2 9.0 8.8 50.4 50.5 0.20% 53.8 -3.4
11.942 
11.950 16.5 16.2 9.0 8.8 50.4 50.5 0.20% 53.8 -3.4
11.958
11.967 16.5 16.2 9.0 8.7 50.4 50.4 0.00% 53.8 -3.4
11.975
11.983 17.3 17.1 9.0 8.7 51.6 52.1 0.96% 53.8 -2.2
12.000
12.008 17.3 17.1 8.8 8.7 51.3 51.9 1.16% 53.8 -2.5
12.017 
12.025 17.3 17.1 8.8 8.7 51.3 51.9 1.16% 53.1 -1.8
12.033 
12.042
AVG 1 1.914 16.9 16.7 8.9 8.7 50.9 51.2 0 .6 1%! 53.7 -2.8
4 3 0
EVENT: 17 SOUTH GATE CLOSED
INFLUENT EFFLUENT
TIM E




























12.183 16.4 16.9 8.7 8.7 52.9 50.7 -4.34% 44.9 8.0
12.192
12.200 16.4 16.9 8.9 8.8 50.5 51.0 0.98% 46.1 4.4
12.208
12.217 17.0 17.2 8.9 8.8 50.5 51.9 2.70% 46.1 4.4
12.225
12.233 17.3 16.8 8.9 8.8 50.5 51.8 2.51% 46.1 4.4
12.242
12.250 17.0 16.8 8.8 8.7 50.5 51.3 1.56% 46.1 4.4
12.258
12.267 16.6 16.7 8.7 8.7 50.5 50.7 0.39% 46.1 4.4
12.275
12.283
A vq 12.167 16.8 16.9 8.8 8.8 50.9 51.2 0.63% 45.9 5.0
431
EX PE R IM E N T  # 8 PRO PELLER  M ETERS
TY PE O F DATA: DIA L M ETERS DATA
DATE: 10 D EC EM B ER . 1993
Legends:
M F : M ultip lier factor for dial reading = 1000
N unc : U ncorrected reading at north m eter (GPM VM F 
Sunc : U ncorrected reading at south m eter (G PM )/M F 
SU M unc : U ncorrected sum  o f  north and south m eters (M GD )
C .F .N .: Avg. correction factor for north m eter (G PM V M F = 1.27
C .F .S .: A vg. correction factor for south m eter (G PM )/M F =  1.25
N corr : C orrected reading at north m eter (M G D )
S corr : C orrected reading at south m eter (M G D )
SUM corr: C orrected sum  o f  north and south m eters (M GD)
conv. : C onversion factor from  (GPM ) to (M G D ) = 0 .00144












EVENT: 1 NORTH GATE CLOSED
TIME FRAX Nunc Sunc SUMunc Ncorr Scorr SUMcorr
fHRS'l (GPMVMF fGPMVMF fMGDl fMGDl fMGDl fMGDl
11.067 0.50 37.50 54.7 -0.001 0.052 51.1
11.075 0.50 37.50 54.7 -0.001 0.052 51.1
11.083 0.50 38.00 55.4 -0.001 0.053 51.8
11.092 0.50 38.50 56.2 -0.001 0.054 52.5
11.100 0.50 38.00 55.4 -0.001 0.053 51.8
11.108 0.50 39.50 57.6 -0.001 0.055 54.0
11.117 0.50 39.50 57.6 -0.001 0.055 54.0
11.125 0.50 39.50 57.6 -0.001 0.055 54.0
11.133 0.50 39.80 58.0 -0.001 0.056 54.4
11.142 0.50 39.80 58.0 -0.001 0.056 54.4
11.150 0.50 39.80 58.0 -0.001 0.056 54.4
AVG. 11.108 0.50 38.85 56.7 -0.001 0.054 53.0
EVENT: 2 BOTH GATES OPEN
TIME FRAX Nunc Sunc SUMunc Ncorr Scorr SUMcorr
fHRSl fGPMVMF fGPMVMF fMGDl fMGDl fMGDl fMGDl
11.275 20.50 21.50 60.5 0.028 0.029 56.8
11.283 20.50 20.50 59.0 0.028 0.028 55.4
11.292 20.30 20.00 58.0 0.027 0.027 54.4
11.300 20.00 20.30 58.0 0.027 0.027 54.4
11.308 20.00 19.80 57.3 0.027 0.027 53.7
11.317 20.00 19.80 57.3 0.027 0.027 53.7
11.325 19.70 19.80 56.9 0.027 0.027 53.2
11.333 19.80 20.00 57.3 0.027 0.027 53.7
11.342 19.80 19.80 57.0 0.027 0.027 53.4
11.350 19.80 19.70 56.9 0.027 0.027 53.2
11.358 19.80 20.20 57.6 0.027 0.027 54.0
11.367 19.80 19.80 57.0 0.027 0.027 53.4
AVG. 11.321 20.00 20.10 57.7 0.027 0.027 54.1
433
EVENT: 3 SOUTH GATE CLOSED
TIME FRAX Nunc Sunc SUMunc Ncorr Scorr SUMcorr
(HRS! fGPMVMF fGPMVMF fMGDl fMGDl (MGD1 (MGD)
1 1.500 36.00 1.25 53.6 0.050 0.000 50.0
I 1.508 36.00 1.25 53.6 0.050 0.000 50.0
1 1.517 36.25 1.25 54.0 0.050 0.000 50.4
1 1.525 36.25 1.25 54.0 0.050 0.000 50.4
11.533 36.25 1.25 54.0 0.050 0.000 50.4
11.542 36.50 1.25 54.4 0.051 0.000 50.7
1 1.550 37.00 1.25 55.1 0.051 0.000 51.4
11.558 35.50 1.25 52.9 0.049 0.000 49.3
I 1.567 37.00 1.25 55.1 0.051 0.000 51.4
11.575 36.50 1.25 54.4 0.051 0.000 50.7
11.583 37.10 1.25 55.2 0.052 0.000 51.6
11.592 37.50 1.25 55.8 0.052 0.000 52.2
AVG. 11.546 36.49 1.25 54.3 0.051 0.000 50.7
EVENT: 4 BOTH GATES OPEN
TIME FRAX Nunc Sunc SUMunc Ncorr Scorr SUMcorr
rHRSl (GPMVMF1 fGPMVMFl (MGD1 (MGD) fMGDl fMGD)
11.725 22.00 20.50 61.2 0.030 0.028 57.6
11.733 22.00 20.50 61.2 0.030 0.028 57.6
11.742 21.80 20.30 60.6 0.030 0.027 57.0
11.750 21.25 20.30 59.8 0.029 0.027 56.2
11.758 21.25 20.00 59.4 0.029 0.027 55.8
11.767 22.00 20.00 60.5 0.030 0.027 56.8
11.775 21.00 19.80 58.8 0.028 0.027 55.1
11.783 21.25 20.00 59.4 0.029 0.027 55.8
11.792 21.20 20.20 59.6 0.029 0.027 56.0
11.800 21.20 20.00 59.3 0.029 0.027 55.7
11.808 21.25 20.00 59.4 0.029 0.027 55.8
AVG. 1 1.767 21.47 20.15 59.9 0.029 0.027 56.3
434
EVENT: 5 NORTH GATE CLOSED
TIME FRAX Nunc Sunc SUMunc Ncorr Scorr SUMcorr
i HRS') fGPMVMF fGPMVMF fMGD) fMGD) fMGD) (MGD)
11.933 2.00 37.50 56.9 0.001 0.052 53.2
11.942 2.00 37.60 57.0 0.001 0.052 53.4
11.950 2.00 37.80 57.3 0.001 0.053 53.7
11.958 2.00 38.00 57.6 0.001 0.053 54.0
11.967 2.00 38.00 57.6 0.001 0.053 54.0
11.975 2.00 38.00 57.6 0.001 0.053 54.0
11.983 2.00 38.75 58.7 0.001 0.054 55.0
11.992 2.00 38.75 58.7 0.001 0.054 55.0
12.017 2.00 39.50 59.8 0.001 0.055 56.1
12.025 2.00 39.50 59.8 0.001 0.055 56.1
12.033 2.00 38.75 58.7 0.001 0.054 55.0
AVG. 11.980 2.00 38.38 58.1 0.001 0.053 54.5
EVENT: 6 BOTH GATES OPEN
TIME FRAX Nunc Sunc SUMunc Ncorr Scorr SUMcorr
(HRS) fGPMVMF fGPMVMF fMGD) (MGD) fMGD) fMGD)
12.117 20.50 22.00 61.2 0.028 0.030 57.6
12.125 21.25 20.50 60.1 0.029 0.028 56.5
12.133 21.00 20.50 59.8 0.028 0.028 56.1
12.142 21.25 21.00 60.8 0.029 0.028 57.2
12.150 20.50 20.50 59.0 0.028 0.028 55.4
12.158 21.25 21.25 61.2 0.029 0.029 57.6
12.167 21.00 21.00 60.5 0.028 0.028 56.8
12.175 20.50 20.50 59.0 0.028 0.028 55.4
12.183 20.50 21.25 60.1 0.028 0.029 56.5
12.192 20.50 20.50 59.0 0.028 0.028 55.4
12.200 20.50 21.00 59.8 0.028 0.028 56.1
AVG. 12.158 20.80 20.91 60.1 0.028 0.028 56.4
435
EVENT: 7 SOUTH GATE CLOSED
TIME FRAX Nunc Sunc SUMunc Ncorr Scorr SUMcorr
(HRS) fGPMVMF fGPMVMF (MGD) (MGD) (MGD) (MGD)
12.317 37.00 1.25 55.1 0.051 0.000 51.4
12.325 36.25 1.25 54.0 0.050 0.000 50.4
12.333 37.00 1.25 55.1 0.051 0.000 51.4
12.342 37.50 1.25 55.8 0.052 0.000 52.2
12.350 37.50 1.25 55.8 0.052 0.000 52.2
12.358 37.50 1.25 55.8 0.052 0.000 52.2
12.367 37.00 1.25 55.1 0.051 0.000 51.4
12.375 37.50 1.25 55.8 0.052 0.000 52.2
12.383 37.50 1.25 55.8 0.052 0.000 52.2
12.392 37.50 1.25 55.8 0.052 0.000 52.2
12.400 37.50 1.25 55.8 0.052 0.000 52.2
AVG. 12.358 37.25 1.25 55.4 0.052 0.000 51.8
EVENT: 8 BOTH GATES OPEN
TIME FRAX Nunc Sunc SUMunc Ncorr Scorr SUMcorr
(HRS) fGPMVMF fGPMVMF fMGD) (MGD) fMGD) fMGD)
12.000 22.00 20.00 60.5 0.030 0.027 56.8
12.000 22.00 20.00 60.5 0.030 0.027 56.8
12.000 22.00 19.50 59.8 0.030 0.026 56.1
12.542 22.00 19.80 60.2 0.030 0.027 56.6
12.550 21.50 19.80 59.5 0.029 0.027 55.8
12.558 21.25 19.80 59.1 0.029 0.027 55.5
12.567 22.00 20.30 60.9 0.030 0.027 57.3
12.575 22.00 20.00 60.5 0.030 0.027 56.8
12.583 22.00 20.00 60.5 0.030 0.027 56.8
12.592 21.25 20.00 59.4 0.029 0.027 55.8
1 2.600 22.00 20.00 60.5 0.030 0.027 56.8
AVG. 12.415 1 21.82 19.93 60.1 0.030 0.027 56.5
436















12.750 1.25 35.50 52.9 -0.000 0.049 49.3
12.758 1.25 36.00 53.6 -0.000 0.050 50.0
12.767 1.25 36.25 54.0 -0.000 0.050 50.4
12.775 1.25 36.25 54.0 -0.000 0.050 50.4
12.783 1.25 36.25 54.0 -0.000 0.050 50.4
12.792 1.25 36.50 54.4 -0.000 0.051 50.7
12.800 1.25 37.00 55.1 -0.000 0.051 51.4
12.808 1.25 37.00 55.1 -0.000 0.051 51.4
12.817 1.25 37.40 55.7 -0.000 0.052 52.0
12.825 1.25 37.40 55.7 -0.000 0.052 52.0
12.833 1.25 37.40 55.7 -0.000 0.052 52.0
AVG. 12.792 1.25 36.63 54.5 -0.000 0.051 50.9
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EXPERIMENT # 8 PARSHALL FLUMES AND PROPELLER METERS 
TYPE OF DATA: DATA RECORDED BY SCADA
DATE: 10 DECEMBER. 1993
Legends:
PF #  : Influent flow in Parshall flume (MGD)
IND.Qin : Total influent flow indicated by SCADA (MGD)
CALC.Qin: Total calculated influent flow (MGD)
ErrorQin: Error in influent = (CALC.Qin-IND.Qin)/CALC.Qin (%)
IND.N : SCADA reading from north meter (MGD)
IND.S : SCADA reading from south meter (MGD)
IND.Qout: Total effluetn flow indicated by SCADA (MGD)
CALC.Qout: Total calculated effluent flow (MGD)
ErrorQout: Error in effluent = (CALC.Qout-IND.Qout )/CALC.Qout (%) 
IND.delQ: Influent - Effluent = IND.Qin - IND.Qout (MGD)












EVENT:____________ 1 NORTH GATE CLOSED
INFLUENT







(HRS') (MGD) (MGD) (MGD) (MGD) (MGD) (MGD) %
11.067 17.93 17.94 8.41 8.47 52.71 52.75 0.08%
11.075 17.93 17.94 8.41 8.71 52.71 52.99 0.53%
I 1.083 17.93 18.39 8.41 8.71 52.71 53.44 1.37%
11.092 17.93 18.39 8.41 8.71 52.71 53.44 1.37%
11.100 17.93 16.91 8.41 8.71 52.71 51.96 -1.44%
11.108 17.93 17.91 8.41 8.71 52.71 52.96 0.47%
11.117 17.93 16.83 8.41 8.71 51.54 51.88 0.66%
11.125 17.93 16.83 8.65 8.71 51.54 52.12 1.11%
11.133 17.93 16.83 8.65 8.71 51.54 52.12 1.11%
11.142 17.93 16.83 8.65 8.71 51.54 52.12 1.11%
11.150 17.93 16.83 8.65 8.71 51.54 52.12 1.11%
AVG. 11.108 17.93 17.42 8.50 8.69 52.18 52.54 0.68%
EVENT:____________2 BOTH GATES OPEN
INFLU1ENT







(HRS) (MGD) (MGD) (MGD) (MGD) (MGD) (MGD) %
11.275 17.57 17.47 8.65 8.49 52.61 52.18 -0.82%
11.283 17.57 17.01 8.65 8.49 51.54 51.72 0.35%
11.292 17.57 17.01 8.65 8.49 51.54 51.72 0.35%
11.300 17.57 17.01 8.65 8.49 51.54 51.72 0.35%
11.308 17.57 17.01 8.65 8.49 51.54 51.72 0.35%
11.317 17.57 17.01 8.65 8.49 51.54 51.72 0.35%
11.325 17.57 17.01 8.65 8.49 51.54 51.72 0.35%
11.333 17.57 17.01 8.65 8.49 51.54 51.72 0.35%
11.342 17.57 17.01 8.65 8.49 51.80 51.72 -0.15%
11.350 17.57 17.01 8.65 8.49 51.80 51.72 -0.15%
1 1.358 17.57 17.01 8.65 8.49 51.80 51.72 -0.15%
1 1.367 17.57 17.01 8.65 8.49 51.80 51.72 -0.15%
AVG. 1 1.321 17.57 17.05 8.65 8.49 51.72 51.76 0.08%
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11.500 17.39 17.05 8.63 8.48 51.49 51.55 0.12%
11.508 17.39 17.05 8.63 8.48 51.49 51.55 0.12%
11.517 17.39 17.05 8.63 8.48 51.49 51.55 0.12%
11.525 17.39 17.19 8.63 8.48 51.90 51.69 -0.41%
11.533 17.39 18.22 8.63 8.48 51.90 52.72 1.56%
11.542 17.39 18.22 8.63 8.48 51.90 52.72 1.56%
11.550 17.39 18.22 8.63 8.48 53.09 52.72 -0.70%
11.558 17.39 17.10 8.63 8.48 53.09 51.60 -2.89%
11.567 17.39 17.10 8.63 8.48 53.09 51.60 -2.89%
11.575 17.39 17.10 8.63 8.62 53.09 51.74 -2.61%
11.583 17.39 17.10 8.63 8.62 53.09 51.74 -2.61%
11.592 17.39 17.10 8.63 8.62 51.82 51.74 -0.15%
AVG. 11.546 17.39 17.38 8.63 8.52 52.29 51.91 -0.73%
EVENT: 4 BOTH GATES OPEN
INFLU13NT







(HRS) (MGD) (MGD) (MGD) (MGD) (MGD) (MGD) %
11.725 14.94 14.67 8.37 8.62 46.65 46.60 -0.11%
11.733 16.82 16.91 8.37 8.62 46.65 50.72 8.02%
11.742 16.82 16.91 8.37 8.41 50.89 50.51 -0.75%
11.750 18.02 16.91 8.37 8.41 52.98 51.71 -2.46%
11.758 18.02 18.04 8.37 8.41 52.98 52.84 -0.26%
11.767 18.02 18.04 8.37 8.41 52.98 52.84 -0.26%
11.775 18.02 18.04 8.37 8.41 52.98 52.84 -0.26%
11.783 18.02 18.04 8.37 8.41 52.98 52.84 -0.26%
11.792 18.02 17.01 8.37 8.41 52.98 51.81 -2.26%
11.800 18.02 17.01 8.37 8.41 51.82 51.81 -0.02%
11.808 17.01 17.01 8.37 8.41 51.82 50.80 -2.01%
AVG. 11.767 17.43 17.14 8.37 8.45 51.43 51.39 -0.06%
440
EVENT: 5 NORTH GATE CLOSED
LN'FLL'ENT
IND. CALC. ERROR
TIME FRAX PF 1 PF 2 PF 3 PF 4 Qin Qin Qin
' HRS') fMGD') fMGD') fMGD) fMGD) (MGD) fMGD) %
1 1.933 15.98 16.80 8.62 8.50 49.87 49.90 0.06%
11.942 15.98 15.77 8.62 8.50 49.87 48.87 -2.05%
11.950 15.98 15.77 8.62 8.50 48.97 48.87 -0.20%
11.958 15.98 15.77 8.62 8.50 48.97 48.87 -0.20%
11.967 15.98 15.77 8.62 8.50 48.97 48.87 -0.20%
11.975 15.98 16.78 8.62 8.50 48.97 49.88 1.82%
11.983 15.98 16.78 8.62 8.50 50.25 49.88 -0.74%
11.992 17.29 16.78 8.62 8.50 50.25 51.19 1.84%
12.017 17.29 17.82 8.62 8.50 53.18 52.23 -1.82%
12.025 17.29 17.82 8.62 8.50 53.18 52.23 -1.82%
12.033 17.29 19.89 8.62 8.50 53.18 54.30 2.06%
AVG. 11.980 16.46 16.89 8.62 8.50 50.51 50.46 -0.11%
EVENT: 6 BOTH GATES OPEN
INFLU12NT







(HRS) fMGD) (MGD) (MGD) (MGD) (MGD) (MGD) %
12.117 16.86 17.89 8.74 8.62 52.37 52.11 -0.50%
12.125 16.86 17.89 8.74 8.62 52.37 52.11 -0.50%
12.133 16.86 17.89 8.74 8.62 52.37 52.11 -0.50%
12.142 16.21 17.89 8.74 8.62 52.37 51.46 -1.77%
12.150 16.21 16.17 8.74 8.62 49.24 49.74 1.01%
12.158 16.21 16.17 8.74 8.62 49.24 49.74 1.01%
12.167 16.21 16.17 8.74 8.62 49.24 49.74 1.01%
12.175 16.21 16.17 8.74 8.62 49.24 49.74 1.01%
12.183 16.21 16.17 8.74 8.62 49.24 49.74 1.01%
12.192 16.21 16.17 8.74 8.62 49.24 49.74 1.01%
12.200 16.21 16.17 8.39 8.62 49.24 49.39 0.30%
AVG. 12.158 16.39 16.80 8.71 8.62 50.38 50.51 0.28%
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EVENT: " SOUTH GATE CLOSED
INFLUENT
IND. CALC. ERROR
TIME FRAX PF 1 PF 2 PF 3 PF 4 Qin Qin Qin
'HRS) (MGD) (MGD) (MGD) (MGD) (MGD) (MGD) %
12.317 17.48 18.18 8.39 s.43 52.81 52.48 -0.63%
12.325 17.48 17.06 8.39 8.43 52.81 51.36 -2.82%
12.333 17.48 17.06 8.39 8.43 52.81 51.36 -2.82%
12.342 17.48 17.06 8.39 8.43 51.43 51.36 -0.14%
12.350 17.48 17.06 8.39 8.43 51.43 51.36 -0.14%
12.358 17.48 17.06 8.39 8.43 51.43 51.36 -0.14%
12.367 17.48 17.06 8.39 8.43 51.43 51.36 -0.14%
12.375 16.20 17.06 8.39 S.43 50.13 50.08 -0.10%
12.383 16.20 17.06 S.61 8.43 50.13 50.30 0.34%
12.392 16.20 17.06 8.61 8.43 50.13 50.30 0.34%
12.400 16.20 17.06 8.61 8.43 50.32 50.30 -0.04%
AVG. 12.358 17.01 17.16 8.45 8.43 51.35 51.06 -0.57%
EVENT: 8 BOTH GATES OPEN
INFLUENT
IND. CALC. ERROR
TIME FRAX PF 1 PF 2 PF 3 PF 4 Qin Qin Qin
(HRS') (MGD) (MGD) (MGD) (MGD) (MGD) (MGD) %
12.000 16.27 16.99 8.61 8.40 50.47 50.27 -0.40%
12.000 16.27 16.99 8.61 8.40 50.47 50.27 -0.40%
12.000 16.27 15.94 8.61 8.40 50.47 49.22 -2.54%
12.542 16.27 15.94 8.69 8.40 49.63 49.30 -0.67%
12.550 16.27 16.95 8.69 8.54 50.74 50.45 -0.57%
12.558 16.27 16.95 8.69 8.54 50.74 50.45 -0.57%
12.567 16.27 16.95 8.69 8.54 50.87 50.45 -0.83%
12.575 16.27 16.95 8.69 8.54 50.87 50.45 -0.83%
12.583 16.27 16.95 8.69 8.54 50.87 50.45 -0.83%
12.592 16.07 16.11 8.69 8.54 50.87 49.41 -2.95%
12.600 16.07 16.1 1 8.69 8.54 50.87 49.41 -2.95%
AVG. 12.415 16.23 16.62 8.67 8.49 50.62 50.01 -1.23%
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EVENT: ! NORTH GATE CLOSED
EFFLUENT
IND. CALC. ERROR IND. ERROR
TIME FRAX IND.N l.ND.S Qout Qout Qout delQ 1ND.Q
'HRS) (MGD)I (MGD) (MGD) (MGD) % (MGD) %
1 1.067 52.8 0.0 52.89 52.8 -0.1791 -0.18 -0.34%
11.075 52.8 0.0 52.89 52.8 -0.1791 -0.18 -0.34%
I 1.083 53.7 0.0 52.89 53.7 1.5191 -0.18 -0.34%
1 1.092 53.7 0.0 52.89 53.7 1.51% -0.18 -0.34%
1 1.100 53.7 0.0 52.89 53.7 1.51 % -0.18 -0.34%
11.108 53.7 0.0 52.89 53.7 1.51% -0.18 -0.34%
11.117 53.7 0.0 55.48 53.7 -3.31% -3.94 -7.64%
1 1.125 55.7 0.0 55.48 55.7 0.39% -3.94 -7.64%
1 1.133 55.7 0.0 55.48 55.7 0.39% -3.94 -7.64%
11.142 55.7 0.0 55.48 55.7 0.39% -3.94 -7.64%
11.150 55.7 0.0 55.48 55.7 0.39% -3.94 -7.64%
AVG. 11.108 54.3 0.0 54.07 54.3 0.36% -1.89 -3.66%























11.275 29.4 28.2 57.75 57.6 -0.26% -5.14 -9.77%
11.283 29.4 28.8 54.87 58.2 5.72% -3.33 -6.46%
11.292 27.3 27.9 54.87 55.2 0.60% -3.33 -6.46%
11.300 27.3 27.9 54.87 55.2 0.60%j -3.33 -6.46%
11.308 27.3 27.9 54.87 55.2 0.60%j -3.33 -6.46%
11.317 27.1 26.5 53.80 53.6 -0.37% -2.26 -4.38%
11.325 27.1 26.5 53.80 53.6 -0.37% -2.26 -4.38%
11.333 27.1 26.5 53.80 53.6 -0.37% -2.26 -4.38%
11.342 27.1 26.5 53.80 53.6 -0.37% -2.00 -3.86%
1 1.350 26.3 26.1 53.80 52.4 -2.67 % -2.00 -3.86%
11.358 26.3 26.1 53.80 52.4 -2.67% -2.00 -3.86%
1 1.367 26.3 26.1 53.80 52.4 -2.67% -2.00 -3.86%
AVG. 1 1.321 27.3 27.1 54.49 54.4 -0.19% -2.77 -5.35%
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11.500 0.0 49.2 48.68 49.2 1.06*1 2.81 5.46%
11.508 0.0 49.5 48.68 49.5 1.66 * 2.81 5.46%
11.517 0.0 49.7 48.68 49.7 2.05* 2.81 5.46%
11.525 0.0 49.7 48.68 49.7 2.05* 3.22 6.20%
11.533 0.0 49.6 48.68 49.6 1.85*| 3.22 6.20%
11.542 0.0 49.6 48.68 49.6 1.85* 3.22 6.20%
11.550 0.0 49.6 48.68 49.6 1.85* 4.41 8.31%
11.558 0.0 50.1 48.68 50.1 2.83* 4.41 8.31%
11.567 0.0 50.1 48.68 50.1 2.83* 4.41 8.31%
11.575 0.0 50.1 48.68 50.1 2.83* 4.41 8.31%
11.583 0.0 50.1 48.68 50.1 2.83* 4.41 8.31%
1 1.592 0.0 50.1 50.71 50.1 -1.22* 1.11 2.14%
AVG. 11.546 0.0 49.8 48.85 49.8 1.88* 3.44 6.56%
EVENT: 4 BOTH GATES OPEN
EFFLUENT
IND. CALC. ERROR IND. ERROR
TIME FRAX IND.N IND.S Qout Qout Qout delQ IND.Q
(HRS) (MGD) (MGD) (MGD) (MGD) % (MGD) %
11.725 29.3 28.3 57.40 57.6 0.35% -10.75 -23.04%
11.733 28.6 27.9 57.40 56.5 -1.59* -10.75 -23.04%
11.742 28.4 27.8 57.40 56.2 -2.14% -6.51 -12.79%
11.750 28.4 27.8 57.40 56.2 -2.14* -4.42 -8.34%
11.758 28.0 27.5 57.40 55.5 -3.42* -4.42 -8.34%
11.767 28.0 27.5 57.40 55.5 -3.42* -4.42 -8.34%
11.775 28.2 27.5 57.40 55.7 -3.05* -4.42 -8.34%
11.783 28.2 27.5 57.40 55.7 -3.05* -4.42 -8.34%
11.792 28.2 27.5 57.40 55.7 -3.05* -4.42 -8.34%
11.800 27.6 27.2 54.87 54.8 -0.13* -3.05 -5.89%
11.808 27.6 27.2 54.87 54.8 -0.13* -3.05 -5.89%
AVG. 11.767 28.2 27.6 56.94 55.8 -1.98% -5.51 -10.97*
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EVENT: 5 NORTH GATE CLOSED
EFFLUENT
IND. CALC. ERROR IND. ERROR
TIME FRAX IND.N IND.S Qout Qout Qout delQ IND.Q
(HRS) fMGD) (MGD) (MGD) (MGD) % (MGD) %
11.933 54.0 0.0 54.07 54.0 -0.1390 -4.20 -8.42 %
11.942 53.9 0.0 54.07 53.9 -0.32% -4.20 -8.42%
11.950 53.9 0.0 54.07 53.9 -0.327c -5.10 -10.41%
11.958 54.3 0.0 54.07 54.3 0.42% -5.10 -10.41%
11.967 54.3 0.0 54.07 54.3 0.42% -5.10 -10.41%
11.975 54.6 0.0 54.03 54.6 1.04% -5.06 -10.33%
11.983 55.1 0.0 54.03 55.1 1.94% -3.78 -7.52%
11.992 55.1 0.0 54.03 55.1 1.94% -3.78 -7.52%
12.017 55.1 0.0 54.03 55.1 1.94% -0.85 -1.60%
12.025 55.7 0.0 54.03 55.7 3.00% -0.85 -1.60%
12.033 55.7 0.0 54.03 55.7 3.0090 -0.85 -1.60%
AVG. 1 1.980 54.7 0.0 54.05 54.7 1.1890 -3.53 -7.11%
EVENT:________  6 BOTH GATES OPEN
EFFLUENT
IND. CALC. ERROR IND. ERROR
TIME FRAX IND.N IND.S Qout Qout Qout delQ IND.Q
(HRS) (MGD) (MGD) (MGD) (MGD) % (MGD) %
12.117 31.1 28.6 56.96 59.7 4.59% -4.59 -8.76%
12.125 28.1 28.6 56.96 56.7 -0.46% -4.59 -8.76%
12.133 28.1 28.6 56.96 56.7 -0.46% -4.59 -8.76%
12.142 28.9 29.1 56.96 58.0 1.79% -4.59 -8.76%
12.150 28.9 28.0 56.96 56.9 -0.11% -7.72 -15.68%
12.158 28.3 28.0 57.79 56.3 -2.65% -8.55 -17.36%
12.167 28.8 28.7 57.79 57.5 -0.50% -8.55 -17.36%
12.175 28.8 27.8 57.79 56.6 -2.10% -8.55 -17.36%
12.183 28.5 27.8 57.79 56.3 -2.65% -8.55 -17.36%
12.192 29.0 28.1 57.79 57.1 - 1.21% -8.55 -17.36%
12.200 29.0 28.1 57.79 57.1 -1.21% -8.55 -17.36%
AVG. 12.158 28.9 28.3 57.41 57.2 -0.45% -7.03 -14.08%
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EVENT: 7 SOUTH GATE CLOSED
EFFLUENT
IND. CALC. ERROR IND. ERROR
TIME FRAX IND.N IND.S Qout Qout Qout delQ IND.Q
(HRS) (MGD) (MGD) (MGD) (MGD) % (MGD) %
12.317 0.0 51.0 49.00 51.0 3.92% 3.81 7.21%
12.325 0.0 50.5 49.00 50.5 2.97% 3.81 7.21%
12.333 0.0 50.5 49.00 50.5 2.97% 3.81 7.21%
12.342 0.0 51.6 51.42 51.6 0.35% 0.01 0.02%
12.350 0.0 51.6 51.10 51.6 0.97% 0.33 0.64%
12.358 0.0 51.6 51.10 51.6 0.97% 0.33 0.64%
12.367 0.0 51.2 51.10 51.2 0.20% 0.33 0.64%
12.375 0.0 51.2 51.10 51.2 0.20% -0.97 -1.93%
12.383 0.0 52.3 51.10 52.3 2.29% -0.97 -1.93%
12.392 0.0 52.7 51.10 52.7 3.04% -0.97 -1.93%
12.400 0.0 52.7 51.10 52.7 3.04% -0.78 -1.55%
AVG. 12.358 0.0 51.5 50.56 51.5 1.90% 0.79 1.48%
EVENT:  8 BOTH GATES OPEN
EFFLUENT
IND. CALC. ERROR IND. ERROR
TIME FRAX IND.N IND.S Qout Qout Qout delQ IND.Q
(HRS) (MGD) (MGD) (MGD) (MGD) % (MGD) %
12.000 27.5 27.8 56.50 55.3 -2.17% -6.03 -11.95%
12.000 27.5 27.8 56.50 55.3 -2.17% -6.03 -11.95%
12.000 27.3 27.8 56.50 55.1 -2.54% -6.03 -11.95%
12.542 28.0 27.7 56.50 55.7 -1.44% -6.87 -13.84%
12.550 28.0 27.7 56.50 55.7 -1.44% -5.76 -11.35%
12.558 27.7 27.6 56.50 55.3 -2.17% -5.76 -11.35%
12.567 27.7 27.6 56.50 55.3 -2.17% -5.63 -11.07%
12.575 27.5 27.4 56.50 54.9 -2.91% -5.63 -11.07%
12.583 28.2 27.5 56.50 55.7 -1.44% -5.63 -11.07%
12.592 28.2 27.5 56.50 55.7 -1.44% -5.63 -11.07%
12.600 27.9 28.2 56.50 56.1 -0.71% -5.63 -11.07%
AVG. 12.415 27.8 27.7 56.50 55.5 -1.87% -5.88 -11.61%
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EXPERIMENT # 8 PROPELLER METERS
TYPE OF DATA: DIRECT READINGS FROM MECHANICAL DRIVESHAFT
DATE: 10 DECEMBER. 1993
Legends:
deltN : Avg. event time range for north meter readings (hours) 
deltS : Avg. event time range for south meter readings (hours)
N : Effluent flow reading from north mechanical driveshaft (GAL); (MGD) 
S : Effluent flow reading from south mechanical driveshaft (GAL); (MGD) 
MECH.Qout: Total effluent flow from both north and south mechanical 
driveshafts = N + S (MGD) 
conv. : Conversion factor from (GAL) to (MGD) = reading*24/(delt* 10A6)
Note: readings at mechanicals driveshafts were taken in (GAL) 
and then converted to (MGD) taking in account the time 



















































AVG. 11.321 0.0436 0.0250 50000 30000 27.5 28.8 56.3




































AVG. 11.546 0.0228 50000 0 52.7 0.0 52.7
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AVG. 11.767 0.0428 0.0419 50000 50000 28.1 28.6 56.7




































AVG. 11.980 0.0250 0 60000 0.0 57.6 57.6
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12.158 0.0339 0.0400 40000 50000 28.3 30.0 58.3




































AVG. 12.358 0.0269 0 60000 0.0 53.4 53.4
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AVG. 12.415 0.0247 0.0431 30000 50000 29.1 27.9 57.0




































AVG. 12.792 0.0256 0 60000 0.0 56.3 56.3
APPENDIX V 




FILENAME: EXPERIMENT # 9
EXPERIMENT # 9 ANALYSIS OF EFFECTS ON WATER SURFACE PROFILE
MANIPULATION OF GATES TO FLUMES 3 AND 4
CITY OF LAS VEGAS WPCF
DATE : 10 DECEMBER. 1993
Legends:
PF # : Parshall flume
Qdis : displayed flow from flow meter (MGD)
Ha : depth in converging section displayed by flow meter (FT)
Qcalc : calculated flow based on Ha measurement (MGD) 
conv.: Conversion factor from (cfs) to (MGD) ■= 0.65
W : Channel width (FT) = 3.00
Qin : Total influent flow through flume = Qdis + Qcalc (MGD)
TotQin: Total flow through Flumes 3 and 4 = Qin (PF 3) + Qin (PF 4) (MGD)
EVENT Gate status and number of turns
1 BOTH GATES UP
2 GATE 3 LOW 150
3 GATE 3 LOW 100
4 BOTH GATES UP
5 GATE 4 LOW 100
6 GATE 4 LOW 150
7 GATE 4 LOW 200
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